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SITE NAME AND LOCATION

The East Helena Superfund Site (Site) consists of the decommissioned Asarco smelter, an
industrial facility operated by American Chemet Corporation, all of the City of East Helena,
Montana, nearby residential subdivisions, numerous rural developments such as homes on small
acreage plots and several large farms or ranches and their associated cultivated fields or pastures
(see Figure D-1). The U. S. Environmental Protection Agency (EPA) Comprehensive
Environmental Response, Compensation, and Liability Information System (CERCLIS) Site
Identification Number for the East Helena Superfund Site is MTD006230346.

This Record of Decision (ROD) addresses Operable Unit 2 (OU 2), East Helena Residential
Soils and Undeveloped Lands, which consists of non-smelter property surface soils of residential
areas, rural developments, and surrounding agricultural land. During early Site characterization
(1984 - 1987), EPA’s Superfund program divided the East Helena Site into five separate OUs.
In 1998 EPA’s Resource Conservation and Recovery Act (RCRA) program became responsible
for the smelter property and its ancillary features, including the slag pile, former ore storage
areas, Upper Lake, Lower Lake, Prickly Pear Creek and its riparian corridor, and all ground
water.

STATEMENT OF BASIS AND PURPOSE

This Record of Decision (ROD) presents the selected remedy for the East Helena Superfund Site,

Operable Unit 2, Residential Soils and Undeveloped Lands.

EPA Region 8 chose the selected remedy in accordance with the requirements of the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) of 1980,
42 U. S. Code (USC) §9601 et seq., as amended by the Superfund Amendments and
Reauthorization Act of 1986 (SARA) and the National Qil and Hazardous Substances Pollution
Contingency Plan (NCP), 40 CFR Part 300.

EPA’s decision is based on the Administrative Record for the Site. The Administrative Record
and copies of key documents are available for review at the EPA Montana Office, located at 10
West 15th Street, Suite 3200, Helena, Montana. Most key documents are also available for
review at the Montana Department of Environmental Quality, located at 1100 North Last Chance
Gulch, Helena, and the East Helena Lead Education and Abatement Program Office, 2 South
Morton, East Helena.

ASSESSMENT OF THE SITE

The response action set forth in this Record of Decision (ROD) was chosen to protect the public
health or welfare or the environment from actual or threatened releases of hazardous substances,
pollutants, or contaminants into the environment. Such release or threat of release may present
an imminent and substantial endangerment to public health, welfare, or the environment.
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Figure D-1. East Helena, Montana
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The components of the selected remedy are summarized in the following section and detailed in
Section 12 of the Decision Summary.

DESCRIPTION OF THE SELECTED REMEDY

The selected remedy for the East Helena Site OU2 consists of residential soil excavation and
disposal in an EPA-approved repository, cleanup of undeveloped lands as land use changes
necessitate, and institutional controls to protect the integrity of the completed actions.

The major components of the selected remedy are briefly summarized here, and discussed in
detail in the Decision Summary.

Contaminated soil remaining in qualified residential yards and vacant lots will be
excavated and disposed of in an EPA-approved soil repository. A lead cleanup level of
1,000/500 milligrams per kilogram (mg/kg) will be applied to residential yards. When
any section of a yard is found to have a soil lead concentration greater than 1,000 mg/kg,
all portions of the yard with soil lead greater than 500 mg/kg will also be cleaned up.
Soil from excavated areas will be replaced with clean topsoil, revegetated and
landscaped.

The two-part residential cleanup action level adopted for East Helena (1,000/500 ppm
lead) is uniquely suited to the variability of lead concentrations in residential soils, and
provides a protective, yet cost-effective remedy. The selected cleanup action level
overcomes the inherent variability and ensures that this response action will result in no
soils remaining with lead concentrations above 1,000 ppm. The cleanup action level for
lead is expected to achieve a community-wide post-cleanup average lead concentration
that is substantially less than 500 ppm. The result will be protective of human health.

Yards where the yard-wide average soil arsenic concentration exceeds 100 ppm will be
cleaned up regardless of the lead concentration. The cleanup action level for arsenic is
expected to achieve a community-wide post cleanup average arsenic concentration that is
substantially less than 100 ppm. The result will be protective of human health.

Unpaved streets, aprons, and alleys of residential areas, with lead levels greater than
1,000 ppm or arsenic levels greater than 100 ppm, will be cleaned up.

Historic irrigation ditches and water spreading channels that contain lead concentrations
above 1,000 ppm or arsenic levels above 100 ppm will be cleaned up when they are
located within or in close proximity to residential areas. Portions of the railroad right-of-
way that are adjacent to residential areas, and where the lead concentration exceeds 1,000
ppm or arsenic levels exceed 100 ppm, will be cleaned up.

Excavated contaminated soil will be disposed in an EPA-approved soil repository

EPA anticipates that the Lewis and Clark County Board of Health and City of East
Helena will establish and administer local regulations to protect the selected remedy.
Institutional controls are required for residential areas, agricultural lands, and all
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undeveloped lands proposed for development. Institutional controls are discussed more
fully in Section 12.

¢ The community-wide education program, designed to monitor and protect children
against exposures to residual lead, will be continued for as long as Lewis and Clark
County health professionals, in consultation with other federal, state and local health
officials, deem it to be necessary and beneficial.

e Undeveloped land will be evaluated whenever a change in land use is proposed and, if
necessary, cleaned up to appropriate levels for the proposed use. A lead cleanup level of
500 mg/kg and an arsenic cleanup level of 100 mg/kg in soil will be applied to
undeveloped land proposed for residential development in the future. Separate lead and
arsenic cleanup levels will be applied to undeveloped lands proposed for future
commercial or recreational use.

The selected remedy includes incorporation of the ongoing non-time critical removal action,
which is being conducted pursuant to an AOC and which has resulted in a comprehensive, albeit
yet-to-be-completed, cleanup of residential soils, unpaved roads, aprons and alleyways,
commercial and public-use areas, and portions of the undeveloped lands, including irrigation
ditches, water spreading channels, and railroad right-of-way.

EPA anticipates that all remaining properties eligible for cleanup under the on-going non-time
critical removal action will be completed by the end of 2009. Additional confirmation sampling
will be conducted in 2009 and into 2010.

Montana DEQ has elected not to concur with this ROD. However, EPA guidance (OSWER
Directive 9200.1-23P) states, “When a State is the support agency, its concurrence on a ROD is
not a prerequisite to EPA’s selecting a remedy (i.e., signing a ROD).”

In order to assist local entities, EPA is committed to funding additional sampling and
maintenance of institutional controls to the extent allowed by law or policy.

The EPA also acknowledges that a change to this remedy through a ROD Amendment or other
means is possible due to unforeseen or unknowable conditions.

STATUTORY DETERMINATIONS

EPA has determined that the selected remedy for the East Helena Superfund Site, OU2,
Residential Soils and Undeveloped Lands, is protective of human health and the environment,
complies with Federal and State requirements that are applicable or relevant and appropriate for
the remedial action, is cost effective, and utilizes permanent solutions and alternative treatment
technologies to the extent practicable.

In-place treatment through deep tilling and addition of lime and other amendments is an element
of the selected remedy for undeveloped lands. These amendments render lead less mobile in the
soil and potentially less bio-available. Therefore, the selected remedy also satisfies the statutory
preference for treatment as a principal element of the remedy.
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Because this remedy will result in hazardous substances, pollutants, or contaminants remaining
on Site above levels that allow for unlimited use and unrestricted exposure, a statutory review
(Five-Year Review) will be conducted within a period not to exceed 5 years after initiation of the
remedial action to ensure that the remedy is performing as intended and is protective of human
health and the environment. This Five-Year Review will be conducted in accordance with the
National Contingency Plan, §300.430(f)(4)(ii).

ROD DATA CERTIFICATION CHECKLIST
The following information is included in the Decision Summary section of this ROD.

o Contaminants of concern (COCs) and their respective concentrations (Sections 5.3 and
7.1)

o Baseline risk posed by the COCs (Section 7)

o Risk-based concentrations (RBCs) established for COCs and the basis for cleanup levels
(Sections 7.1.3.5, and 7.1.7.1)

o Whether source materials constituting principal threats are found at the Site (Section 11)

e Current and future land use assumptions (e.g. groundwater is not a part of OU2) used in
the baseline risk assessment and ROD (Section 6)

» Potential land use (groundwater is not a part of OU2) that will be available at the Site as a
result of the selected remedy (Section 6)

+ Estimated capital, operation and maintenance (O&M), and total present worth costs;
discount rate for the remedy, as well as and the number of years over which the remedy
cost estimates are projected (Section 9)

e Key factors in selecting the remedy (Section 12.1).

Additional information can be found in the Administrative Record for this Site. In addition,
information considered critical to the selection of the remedy is summarized below.

INFORMATION CRITICAL TO SELECTION OF THE REMEDY

EPA identified several factors that are critical and necessary to selecting a remedy that is
protective of human health and the surrounding environment; factors that are particularly critical
for protecting children from residual lead in their environment.

« Parents and educators strongly support continuation of the county-administered Lead
Education and Abatement Program and its vital role in the community. They support
blood lead monitoring for children as the preferred means of measuring the success of
their in-home and community-wide efforts to reduce their children’s exposures to lead.

e The empirical evidence gathered from more than 25 years of blood lead testing shows
that children’s blood lead levels have steadily and significantly decreased to the extent
that 95% of children tested since 2000 — 2001 are at 4 ug/d! or less and the incidence of
children greater than 10 ug/dl is near zero. Results of the most recent 10 to 15 years of
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testing are in stark contrast to blood lead levels observed in prior years, when the
majority of children tested were greater than 10 ug/dl and roughly half were greater than
15 ug/dl.

e The decreases in children’s blood lead levels are due to a combination of cooperative
efforts and actions taken by the community, Asarco (originally American Smelting and
Refining Company and then Asarco, Inc., and after the filing for bankruptcy in 2005,
Asarco, LLC; collectively referred to as Asarco hereafter), local governments, and state
and federal regulators. The evidence gathered supports the conclusion that all of the
following actions contributed to the decreases in children’s blood lead levels:
improvements and upgrades to emissions controls within the smelter, a comprehensive
residential soil cleanup, an intensive program of street sweeping and washing over
several years, a multi-faceted education and abatement program and national efforts to
reduce lead in the environment.

e The East Helena blood lead data are representative of the population of children in East
Helena and surrounding areas, both temporally and spatially. Based on participation rates
over time, broad spatial coverage (areal extent of addresses of participants) and the
narrow bands of statistical uncertainty, a high degree of confidence exists with respect to
the long-term, county-administered blood lead data.

o Statistical analysis of paired, collocated soil lead and blood lead data show no measurable
relationship (the line of best fit is flat) when soil lead concentrations are less than 1,000
to 1,500 ppm. This lack of a correlation is also demonstrated when recent East Helena
soil lead and blood lead data are grouped by their remediated vs. unremediated status.
These analyses support the conclusion that, unless soil lead concentrations are greater
than 1,000 to 1,500 ppm, their contribution to blood lead levels is too small to be
detected.

e Statistical analysis of 1983 and 1991 blood lead, soil lead, and air lead data support the
conclusion that the prevalence of high concentrations of lead in the fine particulates that
were being emitted from the smelter operations was an important contributor to
children’s elevated blood lead levels. Above soil lead concentrations of 1,000 to 1,500
ppm, which were common at that time, soil lead also contributed to children’s blood lead
levels to a significant extent.

e Cleanup levels for lead and arsenic in soil at this Site have been shown to be protective
and are well within ranges of acceptability. For lead, EPA’s National Lead Sites
Consultation Group requires special consultation if the proposed cleanup action for lead
in residential soil is outside the range of 400 to 1,200 ppm. For arsenic, the residential
cleanup action level is within EPA’s generally accepted risk range for excess cancer risks
(risk of one excess cancer for every 10,000 to 100,000 individuals exposed) and is within
the acceptable range of residential cleanup levels for arsenic in Region 8 (generally 70 to
240 ppm).
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When large tracts of agricultural land undergo a change in land use and remediation is
needed, the costs for such an action can be less than the cost of sampling alone at the
intensity required within residential areas. In contrast to the high degree of variability of
soil lead concentrations within residential yards, soil lead concentrations of undeveloped
lands surrounding East Helena exhibit little variability. This homogeneity on agricultural
lands is due to the lack of disturbances that accompany development and human activity
in residential and commercial areas. EPA’s preference for in-place treatment in such
instances is cost-effective and it eliminates the need for expensive, large-scale excavation
and disposal, and mining of soils from productive farmlands for use as topsoil.

EPA, Agency for Toxic Substances and Disease Registry (ATSDR) and the State
Medical Officer for Montana have concluded that residual lead concentrations in the soils
and dust of East Helena and its surrounding environment cannot be reduced to levels low
enough to eliminate the need for institutional controls, irrespective of the cleanup action
level selected. Institutional controls and other remedy protection measures are a critical
and necessary component of the remedy and must be maintained over the long term.
Uncertainty over when, if ever, and which, undeveloped lands will undergo changes in
land use to a residential or recreational or commercial use further necessitates long term
administration of institutional controls.

The remedial objectives and goals established for East Helena are more stringent than
national goals generally recommended for lead sites, and they have been met or exceeded
for the past several years. That aspect of this Site, together with all the factors discussed
above, support the EPA’s decision to retain the procedures, methods and criteria that
have been successfully established over the course of the ongoing residential cleanup
action and have produced results protective of human health.
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AUTHORIZING SIGNATURE

This ROD documents the selected remedy to address the contamination at the East Helena
Superfund Site, Operable Unit 2, Residential Soils and Undeveloped Lands.

EPA, as the Lead Agency for the East Helena Superfund Site (MTD006230346) OU2, formally
issues this ROD.

(bt £ Cormplet( ¢ //?]5107

Carol Campbell / ate
Assistant Regional Administrator

Office of Ecosystems Protection and Remediation

U. S. Environmental Protection Agency, Region 8
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DECISION SUMMARY
SECTION 1
SITE NAME, LOCATION, AND DESCRIPTION

The East Helena Superfund Site (Site), Comprehensive Environmental Response and Liability
Identification System (CERCLIS) No. MTD006230346, is located in the community of East
Helena, in Lewis and Clark County, Montana (Figures 1-1 and 1-2). East Helena is
approximately 3 miles east of Helena, Montana. According to the Montana Department of
Commerce, the estimated 2006 population of East Helena was 2,068.

The Site consists of the smelter, all of the City of East Helena, nearby residential subdivisions,
numerous rural developments such as farms and homes on small acreage plots, and surrounding
undeveloped lands. The smelter is located in Section 36, Township 10 North, Range 3 West, at
46° 34’ 51” north latitude and 111° 55” 13” west latitude. The smelter, which primarily
recovered lead and operated for over 100 years, covers approximately one-half square mile and
is owned by Asarco Incorporated (originally American Smelting and Refining Company and
then Asarco, Inc., and after the filing for bankruptcy in 2005, Asarco, LLC; collectively referred
to as Asarco hereafter). Residential areas of East Helena are within one-quarter mile of the
smelter area.

Originally, the Site was divided into five operable units (OUs):
e Process Ponds and Fluid (smelter property)
o Surface Soils and Surface Water
¢ Groundwater
¢ Slag Pile (smelter property)
o Ore Storage Areas (smelter property)

Because the facility was still operating, the Resource Conservation and Recovery Act (RCRA)
program became responsible for all OUs except OU 2, including the process ponds, slag pile, and
ore storage areas on the smelter property. Asarco entered bankruptcy in 2005. As a result of the
claims adjudication proceedings in the bankruptcy, in 2009, RCRA assumed responsibility for
certain additional Asarco-owned properties within OU2. The Asarco-owned properties
described here are not subject to the final remedy selected by EPA in this ROD at this time.

Final remedies for these properties will be selected by the Agency under the 1998 RCRA Decree.
Thus, although they remain part of the Site, for administrative convenience, they are at this time
not part of OU2.

The Asarco-owned propetties that are not part of OU2 are described as follows (with numbers
shown on the Asarco Ownership Map in Appendix A corresponding to these areas):

e The East Fields west of State Highway 518 (Numbers 10, 11, and 17)
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O e Upper Lake and immediately surrounding environs, down to the smelter property
- boundary and bounded on the west by the railroad tracks (Numbers 12, 23, and portions
of Number 15)

e The area immediately west of the smelter property extending to the railroad tracks and
including the rodeo grounds (portions of Number 15)

e An area southwest of the Asarco smelter property and railroad tracks (Number 19)

e Portions of Prickly Pear Creek riparian corridor running through or immediately adjacent
to property designated on the ownership map as Numbers 2 and 5.

The Superfund Program retained responsibilities for cleaning up OU2, which includes non-
smelter property surface soils in the residential areas, irrigation ditches, rural developments, and
surrounding undeveloped land. This Record of Decision (ROD) addresses OU 2, Residential
Soils and Undeveloped Lands, and describes the final remedy selected by EPA for OU2.

EPA Region 8 is the lead agency for the potentially responsible party (PRP)-financed Site, with
support from the Montana Department of Environmental Quality (MDEQ).

O
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SECTION 2
SITE HISTORY AND ENFORCEMENT ACTIVITIES
2.1  HISTORICAL LAND USE

The Site consists of the smelter facility, all of the City of East Helena, nearby residential
subdivisions, numerous rural developments such as farms and homes on small acreage plots, and
surrounding undeveloped lands (Figure 1-2). Agriculture practices were established in the
Helena Valley in the latter 1800s in association with the discovery and development of mines in
the area. East Helena originated as a result of workers’ desire to live near to their work.

The smelter adjacent to East Helena operated from 1888 until April 2001. Asarco bought the
property in 1895 from Helena and Livingston Lead Smelting and continued operations until the
smelter was closed in 2001 (see Photograph 2-1 for a view of the smelter, circa 1900). Asarco
owns the smelter grounds and much of the undeveloped land around East Helena that is part of
OU2 (see Appendix A). During its operation, the smelter produced lead bullion, but also
recovered copper, gold, silver, and platinum for refining at other Asarco facilities.

Photograph 2-1. Asarco Smelter, circa 1900

The former Anaconda Minerals Company constructed and operated a zinc plant at the smelter
site from 1927 through 1972, which produced zinc oxide by fuming the slag from the lead
smelter. Anaconda subsequently became part of Atlantic Richfield Company (ARCO) and is
now a subsidiary of British Petroleum called BP West Coast Products LLC. The American
Chemet Corporation (Chemet) began producing zinc-based paint pigments at a facility next to
the smelter property in 1947. Chemet still operates their facility, but has modified and upgraded
its zinc and copper product lines over the years. Burlington Northern (now the Burlington
Northern Santa Fe Railway) owns a portion of the Site, which it leased to Chemet from 1969
through 1988. Burlington Northern Santa Fe Railway and Montana Rail Link also operate rail
lines and own or lease property adjacent to the smelter and zinc plant properties.
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All five of the companies noted above have been named as PRPs at this Site. All of the
operations associated with the five PRPs have contributed to contamination at this Site; however,
the major contribution came from lead smelting and zinc fuming operations.

2.2  SITE INVESTIGATION HISTORY

During the early 1970s, the State of Montana’s Air Quality and Water Quality Bureaus,
exercising authorities under the National Clean Air and Clean Water Acts, conducted
investigations of smelter facility emissions and surface water discharges. These investigations
revealed elevated levels of metal contamination in air, soil, and surface water in East Helena.
Evidence of environmental contamination was observable in large areas of barren soils, reduced
agricultural production, and reduced abundance and diversity of aquatic invertebrates in Prickly
Pear Creek. More recent investigations that began in the 1980’s and continue to the present have
revealed elevated concentrations of metals in soils, vegetation, livestock, surface water, and
groundwater.

A Preliminary Assessment of the Site was conducted in 1981 and a Site Inspection was
conducted in 1983. In September 1984, EPA listed the Site on the National Priorities List (NPL)
pursuant to Section 105 of the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA). '

As mentioned above, the Site consists of the smelter, all of the City of East Helena, nearby
residential subdivisions, numerous rural developments such as farms and homes on small
acreage plots, and surrounding undeveloped lands. The EPA has divided the Site into separate
OUs. This ROD addresses OU2, which comprises residential and commercial areas, and
surrounding rural agricultural and undeveloped lands, and describes the selected remedy for
ou2.

The following summary of site investigations pertains only to OU2 and shows elevated lead
concentrations in soil and sediments. Investigation results are discussed in Section 5 in the
context of Site characterization. In addition, sampling and site characterization are discussed in
Section 2.3 and Section 5.

2.2.1 1983 Center for Disease Control and Prevention (CDC)/MDEQ Study

In 1983, MDEQ (then called the Montana Department of Health and Environmental Sciences), in
cooperation with the Center for Disease Control (CDC), conducted a comprehensive
epidemiologic study in the Helena Valley to assess children's blood-lead levels and the
relationship of those levels to different environmental media, one of which was soil. Blood
samples were collected from residents in East Helena and surrounding neighborhoods.

The CDC/MDEQ Child Lead Study also collected 674 soil samples from the yards of 296
residences in and around the East Helena. Soil samples were collected from the O- to 1-inch
deep zone and analyzed by x-ray fluorescence for silver, arsenic, cadmium, chromium, copper,
mercury, manganese, lead, antimony, selenium, and zinc. An intentionally biased sampling
scheme was followed, focusing on households with children between the ages of 1 and 5 who
had lived in the study area for 3 months or more.

In addition, dust samples were collected from household vacuum bags in 179 households as well
as from vacuum filter samples in 50 randomly selected homes, and by linoleum dust swabs.
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2.2.2 Phase I Remedial Investigation for Soils, Vegetation, and Livestock

In 1984, EPA collected 157 soil samples throughout the 100-square mile Helena Valley using a
geometric grid sampling plan. In addition, three “background” surface soil samples were
collected from an area approximately 27 miles southeast of the Site. All samples were collected
from a 0- to 4-inch deep zone and analyzed for silver, arsenic, cadmium, chromium, copper,
mercury, manganese, lead, selenium, zinc, aluminum, barium, beryllium, cobalt, iron, nickel, tin,
thallium, and vanadium. These data were used to generate spatial distribution maps of soil metal
concentrations using geostatistical techniques. Of the 157 sample locations, only 5 were within
the East Helena city limits; however, an additional 13 sample locations lie sufficiently in and
around the greater East Helena area closely enough to contribute to the characterization of
residential soil. More details on the soil, livestock, and vegetation investigations are found in
Section 5.0

2.2.3 Comprehensive Phase II Remedial Investigation

To supplement soil data collected by EPA during the Phase I RI and the CDC/MDHES (now
MDEQ) Child Lead Study, 24 residential soil samples were collected from East Helena
properties in 1987. An additional 26 surface soil samples were collected from the smelter
property. Other subsurface soil samples were collected from the Site property as part of the
groundwater RI (not addressed in this ROD). As part of the RI of Wilson Ditch, samples were
collected and analyzed from surface water, bottom sediment, and underlying strata at four
locations along the irrigation ditch. The vegetation portion of the RI called for collection and
analysis of vegetable samples from residential gardens and Helena Valley grains.

The following activities were also conducted during the RI:

¢ Flow measurements and surface water sampling and analysis at Prickly Pear Creek, -
Upper Lake, and Wilson Ditch

¢ Sampling and analysis of fish tissue in Prickly Pear Creek and Lake Helena

¢ Waterfowl/sediment comparison literature review

As part of the RI, EPA conducted a Comprehensive Endangerment Assessment (EA) to human
health and the environment. The EA addressed current and potential future exposures to
indicator contaminants identified during the Phase I R1, including arsenic, cadmium, copper,
iron, lead, manganese, and zinc.

2.3  SITE RECLAMATION AND REMEDIATION HISTORY

The East Helena Site was listed on the NPL in 1984. Remedial investigations of the smelter area
and surrounding area started in 1984. In 1987, the Site was divided into Operable Units, which
separated residential and related areas into a separate OU. Emission reductions and cleanup
actions have occurred on the smelter property since at least 1983 and residential soil cleanup has
been on-going since 1991.

2.3.1 Smelter Property

The smelter property is approximately 160 acres in size and until recently, included a number of
process buildings, administrative buildings, materials holding areas, storage tanks, process
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ponds, and other facilities (see Photograph 2-2). Reclamation of the smelter property is managed
under RCRA authority; however, because the smelter was a source of contamination to property
in OU2, actions mitigating the smelter property sources are relevant to OU2 and are also
discussed below.

Prior to termination of operations, various controls were implemented at the smelter facility to
reduce airborne emissions and greatly reduce the potential for recontamination of East Helena
soils. As part of a 1983 Clean Air Act State Implementation Plan (SIP), actions taken to reduce
emissions included isolating and containing material stockpiles from wind and precipitation,
unloading and storing unprocessed ore in a negative pressure concentrate storage and handling
building, paving surfaces on the plant property (including 95 percent of all traffic surfaces), and
wetting and chemical stabilization of plant roads during high traffic hours and unpaved parking
areas when required by the weather.

During the remedial investigation, ore storage areas were identified as the source of
approximately 35% of all lead particulates measured in East Helena. As mentioned, Asarco
constructed an enclosed ore concentrates storage and handling building in 1989. In 1990, Asarco
changed its practice from depositing hot granulated slag on a slag pile to preparation of cast
slugs, which dramatically reduced the available fine-sized materials subject to wind and water
transport. The Agency for Toxic Substances and Disease Registry (ATSDR) in their May 2008
Health Consultation for the Site pointed out that these changes to Asarco’s operation report
resulted in a 61% reduction in lead emissions (see Appendix B).

In 1993 the SIP was revised to further reduce fine particulate emissions to meet the National
Ambient Air Quality Standard (NAAQS) for lead of 1.5 ug/m® by 1996. Emission controls were
updated for the acid dust handling and conveying system, the dross plant ventilation system,
blast furnace ventilation system, and the sinter building ventilation system. In addition, the
speiss pit stack and crushing mill were eliminated and access to Asarco property was restricted.
ATSDR also notes that Asarco’s lead emissions were reduced further in 1999 by an additional
21% as compared to pre-1990 levels.

A November 1989, ROD identified the Process Ponds (OU1) on the smelter property as a source
of contamination to the groundwater and Prickly Pear Creek. Remedial actions under the ROD
included installation of storage tanks for Lower Lake water, construction and operation of a
water treatment plant, dredging of sediments, smelting of sediments, and construction of
stormwater controls. Later, some sediments were placed in a Corrective Action Management
Unit as a result of a RCRA Consent Decree (described below). Actions were taken under the
CERCLA authority until 1998 at which time EPA’s RCRA Program took responsibility for the
Process Ponds through implementation of the 1998 RCRA Decree.

Asarco closed the smelter in 2001. Because of this, wind blown lead particulates from the
property are unlikely to recontaminate residential areas. An on-going monitoring program to
check for recontamination of previously remediated properties indicates that residential
properties have stable “background” lead concentrations.

232 0OU2

EPA’s actions to clean up soils in residential yards, parks, schools, surrounding areas, and areas
of undeveloped land have been ongoing at OU2 since 1991.
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2.3.2.1 Residential Areas

At the completion of the RI and the 1990 Endangerment Assessment, EPA estimated that
approximately half of the yards, playgrounds, and parks in East Helena were contaminated by
more than 1,000 mg/kg lead in their surface soils. Some surface soil lead concentrations were
detected as high as approximately 8,000 mg/kg:- Soils in the East Helena community also
showed elevated levels of arsenic up to 218 mg/kg. Lead exposure can cause a decrease in the
concentration of blood proteins that transport oxygen throughout the body, and can impair the
body’s utilization of iron, which can produce neurobiological defects such as learning disabilities
and behavioral problems in children. Arsenic exposure has been linked to increased incidence of
human lung and skin cancer. Therefore, in 1991, EPA and Asarco entered into an
Administrative Order on Consent (AOC), EPA Docket No. CERCLA-VIII-91-17, to begin a
non-time critical but expedited soil removal action to protect public health and welfare. The
State of Montana and Lewis and Clark County supported this removal action and associated
cleanup levels.

The removal action started by removing contaminated soils within the *“yellow zone” in the City
of East Helena (Figure 2-1 and Sheet 1). It was expected that removal of soils with lead
concentrations in excess of 1,000 mg/kg would also address arsenic contamination. The yellow
zone is comprised of approximately 30 city blocks located directly across the railroad tracks and
highway from the smelter, where historic soil contamination was more severe than elsewhere.
Under the Administrative Order, soil from the entire yard was removed from all properties
within the "yellow zone" to a depth at which the final excavated surface contained no lead
concentrations greater than 500 ppm. Excavated areas were backfilled with "clean" backfill soil
and sod. Removal priority was given to the following categories of property (in descending
order):

e Yards with households having small children or expectant mothers
o Playgrounds, daycare centers, parks, and school yards

e Other residential yards, gardens, and vacant lots

e Soil along unpaved streets and alleys

e Commercial property

Since 1991, through agreements among Asarco, EPA, MDEQ, and LCHD, protocols have been
modified to expedite the cleanup in the most protective and cost-effective manner, and to include
a few innovative and experimental cleanup approaches.

Outside the “yellow zone,” all properties require sampling. If any portion ofa yard had a soil
lead concentration greater than the upper 95% confidence limit of 1,000 ppm, then all portions
(sections) of that yard found to be greater than 500 ppm lead are removed and replaced. Ditches
are also cleaned up when they are adjacent to, or part of yards. Yards are generally excavated to
a depth of 12 inches, but exceptions have been made for yards within the 100-year flood plain of
Prickly Pear Creek where excavation was conducted to a depth of 18 inches. After excavation,
the final excavated surfaces are sampled to ensure they are below cleanup levels.
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O Outside the yellow zone, particularly in the northeast neighborhoods of East Helena and in La
Casa Grande and East Gate subdivisions, EPA found that most yards that had at least one section
with lead-concentrations greater than 1,000 mg/kg, also had an average yard concentration of
less than 1,000 mg/kg lead. Many yard sections had lead concentrations less than 500 mg/kg,
even when one or more other sections in the same yard exceeded 1,000 mg/kg lead.
Accordingly, in such yards only partial yard removals were conducted.

The sampling protocols and procedures followed to determine which properties qualified for
cleanup are discussed in Section 5. Photographs 2-3 and 2-4 show examples of soil response
actions conducted at residential properties and Photograph 2-5 shows removal along a road
apron.

The following is a summary of the actions completed since 1991. Sheet 1 shows the properties
that have been cleaned up at East Helena pursuant to the Administrative Order on Consent
between EPA and Asarco with support from the State of Montana and Lewis and Clark County.

1991. A total of 26 sites were remediated, including 20 residential yards, 3 daycare centers, and
3 multiple housing units. Soil was removed from the football field at Radley School and the play
area at the Main Street School. Excavated soils were temporarily stockpiled in a fenced area on
Asarco's East Fields, located directly east of the smelter (see Figure 2-1).

July 23, 1992 AOC Modification. The AOC removal schedule was modified to require cleanup
of no fewer than 55 residential yards, the adjacent unpaved streets and alleys (including road

Q aprons), and Main Street Park. Emphasis was placed on “priority residences” (i.e., a residence
with children under 7 years of age, pregnant women, or child day care).

1992. A total of 78 properties were remediated during the construction season. Sixty of these
were residential, 28 of which had children from the ages of 1 to 18. Thirteen of the properties
were "priority residences” (i.e., a residence with children under 7 years, pregnant women, or
child day care). In addition, 4 parking lots, 5 road aprons, 1 alley, 1 vacant lot, 2 gas stations, the
volunteer fire hall, East Helena City property, the Methodist Church, and Main Street Park were
completed. Photograph 2-4 shows a road apron on which response actions were conducted.

May 4, 1993 AOC Modification. An AOC modification required Asarco to remediate no
fewer than 27 EPA-approved priority residences in 1993, including all of the priority residences
that were identified by November 1* of the preceding year and before December 31* of the
following year.

S
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Photograph 2-3. Small Yard Removal Action
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Photograph 2-4. Yard Removal Action
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Photograph 2-5. Road Apron Removal Action
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1993. The major goal of the 1993 construction season was to remediate 85 residential sites, 27
of which were priority residences. That goal was surpassed when 102 sites were completed,
including 28 priority residences. Thirty-three road apron sections and four ally sections were also
remediated.

The scope of the AOC included cleanup of those portions of Wilson Ditch that are within
residential areas. Cleanup began in 1993, and all but approximately 90 feet of Wilson Ditch
between the smelter property and Highway 12 was excavated and backfilled. Soils removed
from Wilson Ditch were high in arsenic and lead, and were stockpiled separately in a second
temporary storage area in the East Fields pending results of the land application demonstration
project, and were ultimately disposed at the East Fields.

In the spring of 1993, a land application demonstration /direct haul project was initiated on 19
acres of the East Fields to evaluate whether the East Fields could be used as a repository for
residential soils excavated from East Helena and whether those soils could be hauled and placed
directly on the East Fields. The project involved ripping existing soils, which were largely
devoid of vegetation due to low soil pH and elevated metals, and applying crushed limestone.
This demonstration is discussed in greater detail, below.

A treatability study was also conducted in the East Fields, nearby the “land demonstration.” The
three-year treatability study was initiated to evaluate the effects of different treatments on soil
metal concentrations, vegetation yield, and vegetation metal loadings. This treatability study is
also discussed in greater detail, below.

1994. One hundred twenty-two residential properties were remediated, 29 of which were
priority sites. The remaining 90-foot section of the Wilson Ditch also was remediated. Overall,
in 1993 and 1994, approximately 3,700 feet of the Wilson Ditch from the smelter property to
U.S. Highway 12 were cleaned up.

Data collected from the 19-acre land application demonstration/direct haul project initiated in
1993 showed that soil concentrations were reduced and vegetation was established to a degree
sufficient to continue this activity into 1994. The treatability study initiated in 1993 also
continued.

A park in La Casa Grande Subdivision (Figure 2-1) was cleaned up by the addition of limestone
gravel and tilling to mix the limestone and soils to a depth of approximately 15 inches. The area
was then covered by clean soil. The La Casa Grande tilling project is discussed in greater detail
below in this section.

1995. In 1995, the removal action continued under the same protocols as in 1994. A total of 135
residential sites were completed. Of these, 104 residential sites were located in the yellow zone.
One hundred and seventy-eight road apron sections, 39 sections of alleys, and six road sections
were remediated.

Another demonstration project was initiated in the East Fields using limerock neutralization and
a “Baker Plow” to achieve deeper tilling. The project evaluated cost-effective ways to remediate
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portions of the East Fields because the quantity of residential soil being excavated from East
Helena and placed at the East Fields was insufficient to cover all of the East Fields. This project
is discussed in greater detail, below.

The East Helena Lead Education and Abatement Program was established in 1995 to help the
community protect children from lead contamination.

June 20, 1996 AOC Modification Beginning in 1996, residential yards with soil lead
concentrations greater than 1,000 mg/kg were removed and replaced only when a child who was
younger than 7 years of age or, an expectant mother resided at that property year-round. The
residential yards identified by Asarco were to be completed by December 31, 1996. Residential
yards with elevated soil lead concentrations, but where no children less than 7 years of age or
expectant mothers resided year round, were not cleaned, except in special circumstances, as
determined by EPA in consultation with the State and County. All public areas, including parks,
playgrounds, unpaved streets and parking lots, road aprons, and alleys with soil lead
concentrations exceeding 1,000 mg/kg lead, were to be cleaned up in 1996 except Kennedy Park.
Kennedy Park was scheduled for cleanup in 1997.

A voluntary program encouraged area residents whose yards had not been cleaned to replace
their garden soils with clean soils provided by ASARCO. Vegetable gardens with contaminated
soils may have been excavated as part of the remediation irrespective of lead concentration in the
surrounding yard because vegetable gardens pose a significant potential for exposure to soils.

1996. Fifty-one residential sites, 43 road aprons and 1 alley section were remediated in 1996.
The City of East Helena withdrew permission from EPA for access to some road apron sections
which, therefore, could not be cleaned.

The land application demonstration/direct haul and deep tilling projects in the East Fields were
completed. Deep-plow mixing technology was also used to reduce contamination in surface
soils of a 40-acre agricultural tract (Diehl fields) that was scheduled to be subdivided into
residential lots. The deep-plow treatment is discussed in greater detail, below.

With the exception of approximately six to eight properties, all residential yards, vacant lots,
commercial lots, parks, playgrounds, unpaved streets and alleys in the yellow zone were cleaned
up between 1991 and 1996. Removal actions continued after 1996 as warranted based on soil
concentrations and whether children under 7, or expectant mothers resided at the property.

1997. The 1997 construction season included cleanup of two public parks and 28 residential
properties. Soils were placed in the East Fields soil repository.

1998. The 1998 construction season included remediation of 13 residential priority properties
and one vacant lot. Two historic flood channels of Prickly Pear Creek, north of East Helena,
were cleaned up to prevent recontamination of adjacent properties during flood events.

1999. Six residential priority properties and one vacant lot were remediated. Two flood
channels located on two of the remediated properties also were excavated and replaced.
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2000 Twelve residential properties, 3 vacant lots, and 7 sections of flood channel were
remediated. Eleven of the 12 residential properties were classified as priority. An additional yard
was cleaned up even though documented soil lead levels were less than 1,000 mg/kg because of
concerns about the blood-lead level of the child living there.

2001. Twelve priority residences, 2 road apron sections, and 14 flood plain channels were
cleaned up. In addition, excavated soils were removed from 7 temporary storage locations and
disposed of in the East Fields.

2002. Nine priority residences and 79 flood plain channels were remediated

2003. Seven priority residences, 2 vacant lots, and 5 road apron sections were remediated.
2004. Six priority residences, 5 vacant lots, and 1 flood plain channel were remediated.
2005. Approximately 23 residences and the McDonald trailer court were remediated.
2006. Forty-eight residences were remediated.

2007. Forty-six residences were cleaned up.

2008. Sixty residences were cleaned up.

2009. Anticipate that all remaining properties requiring cleanup will be completed before the
end of 2009.

From 1991 through December 2008, the Removal Action cleaned up the following: 716
residential yards; 368 unpaved roadways and road aprons; 75 unpaved alleys; 6 public parks;
2 school playgrounds; 44 commercial and public areas; 4,200 linear feet of irrigation ditch;
156 flood channel and ditch sections; and 36 vacant lots.

By the end of 2009, approximately 30 more residential yards determined to require cleanup
should be completed and that will complete all the known eligible yards. In 2009, 16 unpaved
roadways have been cleaned up and all known eligible unpaved roadways remaining (24) are
expected to be completed. Five commercial properties are expected to be cleaned up in 2009.
Some additional confirmation sampling will be conducted in 2009 and into 2010.

2.3.2.2  Undeveloped Land

The following treatability studies/response actions conducted in the East Fields and East Helena
showed that treatment (deep tillage with/without lime amendment) can be successful in reducing
concentrations of lead in surface soils:

o East Fields Land Application/Direct Haul Project
o East Field Treatability Study
e Baker Plow Study
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e La Casa Grande Subdivision
o Diehl Fields
o Manlove Addition

These studies demonstrated the success of in-place treatment by deep tilling to reduce lead
concentrations in surficial soils with or without the addition of lime. The results of these studies
support the use of capping and in-place treatment as elements of the cleanup remedy for
undeveloped land.

The East Fields area still has concentrations of lead in soil remaining above 1,000 ppm below the
capped/covered areas and institutional controls will therefore be required to prevent future
disturbance of soils and exposure to lead. The areas of the La Casa Grande subdivision, Diehl
fields, and Manlove Addition were remediated to lower levels of lead concentrations and have
been subsequently developed into residential and public use areas. They require no further
remedial action.

East Fields Land Application Demonstration/Direct Haul Project

Pursuant to the 1991 AOC, disposal alternatives for residential soils and for remediation of the
Asarco property east of the smelter area (i.e., the East Fields) were evaluated. The East Fields is
an area directly east of the smelter property comprising approximately 225 acres impacted by
elevated concentrations of lead and other metals in soil (see Figure 2-1). Much of the East Fields
area was largely devoid of vegetation due to low pH and elevated concentrations of metals as
shown in Photograph 2-6. The evaluation resulted in a plan to conduct a demonstration project
to evaluate whether the East Fields could be used as a repository for residential soils excavated
from East Helena and whether those soils could be hauled and placed directly on the East Fields.
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Photograph 2-6. East Fields Pre-Reclamation Soil Close-up

The demonstration project initiated in 1993 at the East Fields involved ripping the existing soils,
applying crushed limestone, and capping, or otherwise incorporating excavated residential soils.
The area was approximately 19 acres in size and could accommodate approximately 20,000
cubic yards of soil, the amount Asarco expected to excavate from East Helena in 1993. This area
was partitioned into 1.44 acre plots (250 ft x 250 ft) and each plot divided into four soil sampling
quadrants. Photograph 2-7 shows East Fields being staked out in preparation of the
demonstration. The demonstration area was first ripped, and then crushed limestone and
residential soil were added. Limestone was added to raise the pH of the soil in order to aid the
establishment of vegetation. Finely crushed limestone (-60 mesh) was applied at a rate of
approximately 5.2 tons/acre of carbonate equivalent and incorporated with a double disc to a
depth of at least 8 inches into plots in the southern portion of the demonstration area.
Agricultural grade crushed limestone (-1/4 inch) was applied on sections in the northern portion
of the demonstration area at the rate of about 10 tons/acre. Photographs 2-8 and 2-9 show the
tilling and lime amendment treatment process. A cap consisting of residential soils excavated
from East Helena was applied through recapping and replotting to a number of plots at an
average depth of approximately 12 inches until the lead level results averaged approximately
1,000 mg/kg lead per plot.

The hauling of residential soils directly to the East Fields continued throughout the 1994, 1995,
and 1996 work seasons, based on the initial success of the demonstration. A dozer was used to
blend and mix residential soils to below a concentration of 1,000 mg/kg lead. The residential
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soil cap was graded to approximately 1-foot thickness, after which each plot was partitioned into

O four quadrants and sampled. Samples were analyzed for lead, arsenic, cadmium, and zinc to
ensure that the average lead level was less than 1,000 mg/kg. The plots were then seeded,
fertilized, and controlled for weeds.

The demonstration project was also designed to compare pre-liming soil pH values with post--
liming pH values for the two different materials and application rates discussed above. The
areas to which fine limestone was mixed had a pre-liming average pH of 5.5 and a post-mixing
pH of 7.3, whereas the areas to which agricultural grade limestone was mixed had a pre-liming
average pH of 5.6, and a post-mixing pH of 6.4. In 1995, the demonstration included the
addition of -1/4 inch agricultural limestone to that years’ plots at approximately 6 tons per acre.
A Baker plow with 32 inch discs was used to incorporate the limestone into the soil to an
approximately 15-inch depth. Statistically, the addition of limestone resulted in a significant
increase in pH from an average pre-treatment pH of 5.3 to a post-treatment pH of 6.7, thereby
making the soils more suitable for revegetation.

The land application demonstration project showed that lime application, combined with a
residential soil cap with concentrations of lead below 1,000 mg/kg, was successful in increasing
pH, producing a sustainable vegetative cover, and demonstrating that the East Fields could be
used as a repository for residential soils excavated from the East Helena area. It was understood
that this area would not be developed for residential use, but might be used as rangeland in a
limited capacity.

0
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Photograph 2-7. East Fields Pre-Reclamation — Staking of Demonstration Plots
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Photograph 2-9. Close-up of Tilling with Lime Amendment
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East Fields Treatability Study

A three-year treatability study was initiated at the East Fields in 1993 to evaluate soil treatment
effects on soil metal concentrations, vegetation yield, and vegetation metal loadings. To evaluate
these effects, eight treatments were tested singly or in combination with others to make up the
eight treatments. Treatments were replicated four times with three distinct lead concentrations
(1,500 mg/kg, 2,000 mg/kg, and 3,000 mg/kg). A treatment consisted of excavation, adding lime
to contaminated soils, covering the area with a clean soil cap (4-inch, 6-inch, and 12-inch), and
tilling with a moldboard plow.

The study showed that treatment had a significant influence on yield of perennial grasses. Data
from the second growing season showed that several treatments had mean soil lead, arsenic, and
zinc concentrations above levels typically considered toxic to many plants. However, these same
treatments had excellent grass yield, measured by annual production and percent of aerial cover.
Overall, the results indicated that the perennial grasses were more tolerant of metal
concentrations than literature suggested.

This treatability study showed that a 12-inch soil cap produced the highest production of grasses.
Excavation of contaminated soil resulted in soil with the lowest metal concentrations, however,
excavation did not perform as well as the cap of residential soils when vegetative metal loading
was measured. The cap outperformed all other treatments in vegetative growth and percent of
cover.

All treatments yielded vegetative loadings for lead and cadmium that exceeded National
Research Council (NRC) forage concentrations chronically tolerated by livestock. However,
vegetative arsenic and zinc loadings from all treatments were less than the NRC-identified levels
tolerated by livestock. These results suggested that East Fields could be used as pasture for
cattle for at least part of the year.

The treatability study indicated that the East Fields, previously virtually devoid of vegetation,
could be successfully remediated and revegetated to create a sustainable upland habitat that
could be used for pasture on a limited basis.

Baker Plow Study (Deep tilling)

While good yields of perennial grasses were produced on the demonstration project/direct haul
cap as discussed above, not enough residential soils could be obtained to cap all areas of the East
Field exhibiting low plant yield. Cost-effective ways to remediate remaining portions of the East
Field, without covering them with soils removed from East Helena residences had to be found.
Borrowing a remediation technique from a site in Anaconda, Montana, EPA used a "Baker
Plow" in 1995 to reduce surface metals concentrations at the East Fields. Deep tilling with the
Baker Plow, which has 38 inch discs, was also intended to improve vegetation and stabilize soil
to prevent particulate migration during wind storms and reduce infiltration of water.

Surface samples were collected before and after tilling. In addition, samples were collected
throughout the soil profile to a depth of 24 inches and in some pits to the depth of till, which
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averaged 31 inches. The Baker Plow technique was able to reduce surface lead concentrations
from 1,800 mg/kg to 500 mg/kg, and arsenic, cadmium, and zinc concentrations in the
demonstration area. Lead concentrations in soil after tilling at the Baker Plow demonstration
area were less than lead concentrations in the cap of residential soils..

The Baker Plow study successfully demonstrated that this approach is useful on large parcels of
land, to:

¢ Reduce surface soil concentrations of arsenic, cadmium, and lead
e Raise surface soil pH

¢ Eliminate any metals/pH gradient in the surface soil by mixing soil in the plow zone

After the demonstration, Western Reclamation, the contractor who owned the Baker Plow,
modified the plow to couple the discs more closely to the pulling dozer to facilitate a shorter
turning radius. The modified plow, of which the Baker Plow was a prototype, is called the
Western Reclamation Plow.

The Western Reclamation Plow was used to remediate 31 acres in the eastern portion of the East
Field that might otherwise have been capped. Deep tilling this acreage, which lay along the
1,400 to 1,700 mg/kg lead isocontours, contributed to the cost effectiveness of the remediation,
and allowed residential soils to be applied as a cap where there were greater surface metals
concentrations.

In 1996 EPA also used the Western Reclamation Plow to deep till the western part of the East
Fields prior to covering it with contaminated residential soils. This area is directly east of the
Asarco smelter and west of the Montana City Highway (State Highway 518). A tillage depth of
approximately 20 inches was achieved, rather than the goal depth of 30 inches, because of rocky
soils. The results showed that the achievable tilling depth is dependent on the stratigraphy and
the pre-tillage ripping depth and intensity.

This effort showed that surface lead concentrations in excess of 7,000 mg/kg can be reduced to
less than 2,700 mg/kg by deep tilling. The mean post-tillage surface lead concentration was
1,419 mg/kg. This concentration is lower than the mean surface lead concentrations on the East
Fields directly across the Montana City Highway, which did not have the benefit of deep tilling
prior to capping with residential soil.

La Casa Grande Subdivision

La Casa Grande Park is a 6.5 acre park in La Casa Grande Subdivision, north of East Helena (see
Figure 2-1). InJuly 1993, twenty two surface soils (0-1 inch bgs) were collected throughout the
park. Ten of these samples showed lead concentrations above 1,000 mg/kg. In addition, five pit
samples were collected from4to 5,5t06,6to 7,7 to 8, and 8 to 9 inches bgs. Lead
concentrations from pit samples were 1,875 mg/kg, 134 mg/kg, 701 mg/kg, 119 mg/kg, and 132
mg/kg, respectively. EPA concluded that lead concentrations above the trigger level of 1,000
mg/kg are confined primarily to the O to 8 inches bgs soil horizon, indicating that deep
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tillage/liming treatment might be effective to reduce soil lead concentrations, increase soil pH,
and reduce costs of excavation in the outlying areas of East Helena. The La Casa Grande
Homeowners Association volunteered their 6.5 acre park as a demonstration area.

Before tillage or liming, O to 8 inch bgs soil samples were collected from six random locations
and analyzed for pH. A dozer was used to till and mix 6 tons/acre of minus 1/4 inch agricultural
limestone to a depth of 12 inches. A composite of 5, 0 to 1 inch bgs post treatment surface soil
sampling points were collected from each sampling unit. Deep tilling and liming of La Casa
Grande Park was completed by October, 1994.

Deep tillage significantly decreased lead concentration in the 0 to 1 inch bgs zone from a pre-
treatment concentration average of 836 mg/kg to a post-treatment mean of 536 mg/kg, an
average decrease of 300 mg/kg. Soil pH also increased as a result of the lime treatment. Deep
tillage successfully remediated this large public area and provided a cost-effective alternative to
soil excavation.

Diehl Fields

The Diehl property was an approximately 40 acre agricultural field on the eastern boundary of
East Helena's city limits that was considered a candidate for residential development (Figure 2-
1). The field lies within a subdivision where surface (0 to 1 inch) lead concentrations generally
exceed 1,000 mg/kg and occasionally exceed 2,000 mg/kg. The subdivision is in an area where
EPA requires lead soil sampling for every residence.

The field was prepared by ripping with a dozer (D-8) and 15-inch ripper teeth to loosen the soil
prior to tilling. Lime was applied at 0.6 tons CaCOj/acre based on twelve soil samples with a pH
of less than 7.0. Four right-angle passes of the Western Reclamation Plow were conducted,
achieving an average tilling depth of 19.9 inches. Rocks and cobbles in the subdivision soils
prevented the plow from attaining its full tillage depth of 30 inches and reduced the amount of
soil available for mixing. After tilling the property was rolled flat.

Sixteen pre- and post-tillage composite surface samples (0 to 1 inch) were collected per acre and
analyzed by X-ray fluorescence (XRF) for lead, arsenic, and cadmium. Eighty-three percent of
the pre-tillage surface lead concentrations in the subdivision exceeded 1,000 mg/kg, while 23
percent exceeded 2,000 mg/kg. The mean surface lead concentration before tilling was 1,539
mg/kg. Tilling reduced ninety percent of post-tillage soils to lead concentrations less than 500
mg/kg, and 100 percent of all samples were less than 1,000 mg/kg. The post-tillage mean
surface lead concentration was 401.6 mg/kg.

In addition to surface sampling, soil profile samples were collected from three intervals (O to 4
inches, 4 to 16 inches and 16 to 30 inches) at a frequency of 1 pit per acre (40 total) and analyzed
for lead, arsenic and cadmium. Pre-tilling lead concentrations decreased with depth throughout
the soil profile. The post-tilling soil profile samples had mean concentrations of lead in each
horizon less than 500 mg/kg and no single sample exceeded 1,000 mg/kg. After tilling lead
concentrations throughout the soil profile were more or less uniform to a depth of approximately
16 inches.

East Helena OU2 Final ROD 2-23 September 2009




Tilling proved successful in reducing lead concentrations to below the cleanup level of 1,000
mg/kg in all of the acres tilled. The plow was only partially effective in mixing soils deeper than
16 inches, in part because rocky soils hindered the plow's ability to reach a specified depth. EPA
expects that where this remedial approach is applied, future soil treatments will include deeper
ripping of the soil before tilling. Even with more shallow soil ripping prior to tilling, however,
the Western Reclamation Plow has proven to be a cost-effective remediation tool for lead
contamination in soils.

The Diehl Fields have been developed into a residential area including a public middle school.
(See Photograph 2-10)

Manlove Addition

Site IC25 is an area in the Manlove Addition of East Helena that is 0.84 acres in size and consists
of 6 vacant lots which were proposed for residential development in 1997 (see Figure 2-1). In
October 1996, surface soil samples were collected from 9 units in IC25, 60 feet by 60 feet in
size. Eight of the 9 units had lead soil concentrations above 1,000 mg/kg, but it was agreed at a
biweekly EPA meeting that this site qualified for the application of deep-tilling remediation
technology.

First, the site was ripped by a dozer with 15-inch ripper teeth from east to west and south to
north. Then the Western Reclamation Plow was used to deep till the area with 38 inch discs.
The plow made 4 passes at right angles to accomplish an estimated plowing depth of 25 to 30
inches.

In addition, individual pre- and post-tillage pits were excavated approximately within the same
location and soil samples were collected from the O to 4 inch, 4 to 16 inch, and the 16 to 30 inch
depths. Samples were analyzed for lead, arsenic, and cadmium. The results indicated that the
tilling was successful in reducing the surface lead concentrations to below the cleanup action
level of 1,000 ppm.

The plow depth achieved by tilling was 25 inches. The depth of tilling appears to be partially
related to soil stratigraphy, where soils containing cobbles limit the plow's ability to achieve
greater depths. This effort also confirmed that ripping of the soil to a greater depth before tilling
would result in deeper tilling and mixing of soils over a greater interval. The final phase of
deep-tillage remediation of this site consisted of fertilizing and seeding.

Deep tilling was successful in remediating this site so that it could be developed for residential
use.
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Photograph 2-10. Diehl Fields Post-Remediation
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24 ENFORCEMENT HISTORY

Enforcement-related actions at East Helena Superfund Site, OU2 include:

1984, September 21:

1988, December:

1991 - 2007

1998, May 5

2006

2005

2009

EPA lists the Site on the Superfund National Priorities List

Administrative Order on Consent regarding Remedial Investigation and
Feasibility Study, EPA Docket No. CERCLA VIII-89-10, signed
December 1988.

Administrative Order on Consent for Removal Action (soils), EPA Docket
No. CERCLA-VIII-91-17, and annual amendments.

Resource Conservation and Recovery Act Consent Decree regarding
instituting improved materials screening and management procedures,
performing a comprehensive RCRA corrective action investigation and, as
appropriate, remediation at Asarco’s East Helena smelter facility; and
wetlands restoration.

EPA filed a claim in the Asarco bankruptcy proceedings to recover past
and future costs of completing the East Helena OU2 cleanup at properties
not owned by Asarco (in re Asarco et al., Debtors, Case No. 05-21207,
Southern Dist. Texas).

EPA notifies the Asarco bankruptcy court of an administrative expense
claim for remaining investigations and cleanup work at Asarco-owned
properties in East Helena, including owned properties in OU2, and for
groundwater contaminated by historic Asarco activities.

Anticipated RCRA Consent Decree
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SECTION 3
COMMUNITY PARTICIPATION

This section summarizes the community relations activities performed by EPA and MDEQ
during the investigations, Removal Action, and remedy selection process.

EPA and MDEQ completed a community involvement plan for the Site shortly after it was listed.
This plan is intended to enhance communication with the public so that those who may be
affected by the Superfund cleanup can be more informed about Site activities and be involved in
the agencies’ decision making process. The plan was drafted after discussions with residents,
local officials and business leaders, and it enlisted the support of local groups, individuals and
elected officials to collect and distribute information.

EPA and MDEQ have maintained regular contact with the community and implemented a
variety of community relations activities as new information about the Site has become available.
Activities have included public meetings; distribution of fact sheets, brochures, and flyers;
meeting with community leaders and local officials; developing and maintaining an EPA internet
fact sheet; and sharing information with local media.

By the autumn of 1990, EPA, MDEQ, and the County had examined risks to East Helena
residents, especially children, posed by contaminated soils, and determined that an expedited
removal action was needed. Because any action was likely to physically disrupt residential or
municipal areas, the agencies wanted full public involvement in the decision-making process.
On October 3, 1990, EPA sponsored a public meeting to discuss the cleanup alternatives that
EPA had examined and to present the EPA’s preferred cleanup action (yard replacement).
Approximately 250 people attended to discuss the effect an expensive cleanup would have on
Asarco's financial health, what authority EPA could or would use to force cleanup if
homeowners were resistant, and to hear pleas from individuals to protect their families' health by
reducing the potential for lead exposure. EPA followed up that meeting with a mailing to all
East Helena residences, summarizing the highlights of the public meeting and listing three more
meeting dates for informal meetings with EPA officials. EPA also encouraged residents to call
EPA with any concemns or questions. In addition, because one aspect of EPA's preferred action
involved cleaning up contaminated soils in area school yards and parks, EPA met twice with the
East Helena School Board.

One result of these informal meetings was the formation of the East Helena Citizens Advisory
Committee (EHCAC), consisting of a varying number of people and several core members. The
group began holding regularly scheduled public meetings in January 1991. In 1992, a second,
separate group formed under the name East Helena Citizens Advisory Council/Committee
(EHCAC/C). Over the next seven years, the two groups held approximately 95 meetings. EPA or
MDEQ representatives attended a majority of these meetings, which became a major aspect of
EPA's community involvement. Through these meetings, EPA learned about remediation
concerns, the community was informed about progress, and a consistent dialogue was
maintained. By 1994, EHCAC/C was the sole remaining group. When necessary, EPA held
public meetings in conjunction with the group, but EPA also sponsored public meetings
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independently. As a result of this close public'contact, EPA was able to implement an extensive
soil cleanup program to reduce health threats to children, while maintaining a constructive
relationship with the community.

In 1995, EPA and Asarco agreed to establish and fund the county-administered Lead Education
and Abatement Program. Since that time, the program’s local health professionals have been at
the forefront of educating the community and advising EPA and Asarco on how to protect the
children of East Helena from lead. The program developed into one of the more effective
education and abatement programs in the United States. This program is discussed further in
Section 5.

In October 1997, EPA published a Proposed Plan under section 117(a) of CERCLA to continue
remediation of the residential and agricultural (undeveloped) soils in and around East Helena.
The plan was made available to private citizens, state and local officials, legislators, PRPs, and
other persons. The plan summarized the site and project histories and Site risks, described the
response action alternatives, provided an analysis of the alternatives evaluated by the EPA, and
described EPA's preferred alternative. Availability of the plan was announced in notices
published in the Helena Independent Record on October 30, 1997.

When the Proposed Plan was issued, a 30-day public comment period began, allowing the public
to provide written comments. The formal public comment period was to run from October 30,
1997, through December 1, 1997; however, to provide an additional opportunity for public
comment and discussion on the Plan, a public information meeting was held on November 12,
1997, in East Helena. After the public information meeting, EPA held a formal public hearing
on November 29, 1997, to receive and record oral and additional written comments on the
Proposed Plan. EPA made a transcript of the hearing available by placing it in the Administrative
Record for the Site.

A ROD following this Proposed Plan was never issued. In 1997-1998, the Lead Education and
Abatement Program was still relatively new, there hadn’t been much sampling beyond the
known extent of where the concentration of lead exceeded the action level (1000 ppm),
suspicions regarding the contribution of the operating Asarco smelter to dust in the community
and the air pathway were not yet fully realized, additional risk assessment was deemed
appropriate, and institutional controls were not yet well developed.

In 1999, Lewis and Clark County and EPA evaluated the Lead Education and Abatement
Program. The evaluation included the results of a community survey and an external peer-
review, and produced a series of recommendations. The program’s successes were noted, and
recommendations were made to expand the role and importance of local health professionals in
managing health risks in the long term. Over the following two and one-half years, Lewis and
Clark County presided over monthly meetings that included EPA, MDEQ and the City of East
Helena. Interested East Helena area residents also participated. Among other things, the
participants discussed the need for institutional controls to (a) protect the ongoing removal
action, (b) protect the residential cleanup once it was completed, and (c) manage the long-term
land use changes anticipated for undeveloped lands.
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A new Proposed Plan for the East Helena Superfund Site (Operable Unit No. 2) was issued on
January 12, 2007. Public meetings on the Proposed Plan were held January 25, 2007 and March
1, 2007, at the East Helena Fire Hall. Notice of the Proposed Plan and meetings were published
in the Helena Independent Record on January 24 and 25, 2007 and February 28 and March 1,
2007. Over 4,000 Fact Sheets announcing the Proposed Plan and meetings were direct mailed to
residents of East Helena and surrounding communities, as well as to other stakeholders. In
addition, EPA conducted a 60-day public comment period from January 16, 2007 to March 16,
2007. Public comments and responses to those comments are set out in Part III, Responsiveness
Summary, of this ROD.

EPA has continued to coordinate on a regular basis with all stakeholders, including monthly
meetings of the Lead Education and Abatement Advisory Committee comprised of EPA,
MDEQ, Lewis and Clark County Health Department, City of East Helena, Asarco and interested
residents and school administrators. Notifications and agendas were sent to stakeholders prior to
the meetings. EPA coordinates with the East Helena Lead Education office at least weekly, and
at time more often.

EPA’s active community involvement activities include:

e EPA Superfund Program in the Helena, Montana office meets approximately monthly
with City Council members and frequently attends their meetings

e Personnel in EPA’s Montana Superfund Program are readily available on request to
attend Lewis & Clark County Commission or Health Board Meetings

e EPA communicates frequently with the County regarding soil lead and blood lead data,
and the mapping and statistical evaluations of these data. All of the soil and blood lead
databases are maintained by the L&C County GIS office.

In 2008 and 2009, EPA participated in meetings and discussions on institutional controls that
involved all stakeholders, and regional and national experts. These meetings were successful in
producing an increased understanding by all stakeholders regarding the scope of institutional
controls for OU2 and stakeholder’s roles. This increased understanding is reflected in the
description of institutional controls for this remedy.

EPA has committed to continue to coordinate with all local authorities and programs as they
develop, refine and administer institutional controls throughout the remedial design and remedial
construction phases.

The complete Administrative Record is available for public review at the EPA Records Center in
the Federal Building, 10 West 15" Street, Suite 3200, in Helena, Montana. Most key documents
are also available for review at the Montana Department of Environmental Quality, located at
1100 North Last Chance Gulch, Helena, and the East Helena Lead Education and Abatement
Program Office, 2 South Morton, East Helena.
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SECTION 4
SCOPE AND ROLE OF RESPONSE ACTION

The East Helena Superfund Site includes the property of a lead smelter that operated from 1888
to 2001, the town of East Helena, several residential subdivisions, and surrounding agricultural
lands. In 1987, this large, diverse Site was segregated into the following five operable units
(OUs):

e Process Ponds and Fluids (including the process ponds and process fluids circuits; all
physically located within the smelter property; however, effects on ground water
migrated, and continue to migrate, beyond the smelter property);

o Surface Soils and Surface Water (including residential and agricultural soils, vegetation
and livestock, fish and wildlife, Prickly Pear Creek, and Wilson Ditch);

¢ Ground Water (beneath the smelter property as well as beyond);
o Slag Pile; and

e Ore Storage Areas.

EPA divided the Site into OUs to begin work on the Process Ponds while continuing to study
other parts of the Site. A Record of Decision for the Process Ponds (OU 1) was issued by EPA
in November 1989. The remedy for the process ponds was to contain the pond water in tanks or
lined facilities, and treat the pond water and sediments. Between 1990 and 1998, Asarco
conducted remedial actions at the Process Ponds and implemented associated stormwater
controls under CERCLA. Ancillary to the CERCLA actions, Asarco obtained a storm water
discharge permit through the Water Quality Bureau because the plant was still an operating
facility at the time.

In 1998, another enforcement program under EPA’s authority, the Resource Conservation and
Recovery Act (“RCRA”) Program, took responsibility for the process ponds in conjunction with
a 1998 Consent Decree with a 1998 Consent Decree with Asarco, which settled allegations of
violations of RCRA and the Clean Water Act (1998 RCRA Decree”). Asarco currently has a
stormwater discharge permit from MDEQ’s Permitting and Compliance Division, Water
Protection Bureau.

In addition to the process ponds, the groundwater, surface water (including Prickly Pear Creek),
the slag pile and former ore storage areas (as well as the entire operations area) also are being
addressed under the 1998 RCRA Decree. This partial transfer of authority was based upon a
determination that the RCRA Corrective Action program is better suited than CERCLA for
cleaning up a property that (at the time) was still operating. Groundwater beneath the former
smelter, residential properties, and undeveloped lands are all being addressed under the 1998
RCRA Decree.

The Superfund Program retained responsibilities for cleaning up OU2, which includes non-
smelter property surface soils in the residential areas, irrigation ditches, rural developments, and
surrounding undeveloped land. In 2009, as a result of actions in Asarco’s bankruptcy
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proceedings, RCRA assumed responsibility for some additional properties owned by Asarco.
These properties are located in close proximity to, or are contiguous with, the Asarco smelter
property, owned by Asarco, and, in the case of Prickly Pear Creek and riparian areas, are
downstream of areas historically under the 1998 RCRA Decree. The Asarco-owned properties
specified here are not subject to the final remedy selected by EPA in this ROD at this time. Final
remedies for these properties will be selected by the Agency under the 1998 RCRA Decree.
Thus, although they remain part of the Site, for administrative convenience, they are at this time
not part of OU2.

The Asarco-owned properties that are not part of OU2 are described as follows (with property
numbers shown on the Asarco Ownership Map in Appendix A corresponding to these areas):

¢ The East Fields west of State Highway 518 (Numbers 10, 11, and 17)

e Upper Lake and immediately surrounding environs, down to the smelter property
boundary and bounded on the west by the railroad tracks (Numbers 12, 23, and portions
of Number 15)

e The area immediately west of the smelter property extending to the railroad tracks and
including the rodeo grounds (portions of Number 15)

e An area southwest of the Asarco smelter property and railroad tracks (Number 19)

o Portions of Prickly Pear Creek riparian corridor running through or immediately adjacent
to property designated on the ownership map as Numbers 2 and 5.

It is noted that the Asarco smelter property and associated property to the east have been under
the 1998 RCRA Decree since 1998 (Numbers 16 and 18). The areas under the 1998 RCRA
Decree remain part of the Superfund Site. The inclusion of these Asarco-owned properties in the
RCRA process does not preclude possible future action under CERCLA. Local government
may administer institutional controls on these properties similar to properties under CERCLA
authority.

This ROD describes the final remedy selected by EPA for OU2, which includes non-smelter
property surface soils in the residential areas, irrigation ditches, rural developments, and
surrounding undeveloped land, including Asarco-owned land not specifically described
immediately above.

As discussed above in Section 2.3, the actions Asarco took to reduce air and fugitive emissions,
in addition to closing the smelter in 2001, significantly reduced the release of lead particulates
from the smelter property. A long-term monitoring program has been established to check for
potential recontamination of previously remediated properties.

In addition, future surface water or sediment transport of lead at levels of concern to residential
or undeveloped properties within OU2 is not anticipated because of surface water and runoff
control actions conducted on the smelter property (see Section 2.3). Even so, EPA will assess
whether unanticipated surface transport has actually occurred during mandatory Five Year
Reviews, and at other appropriate times.
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Therefore, cleanup actions taken on residential and other properties at OU2 do not depend on the
nature or status of any pending or potential future cleanup actions on the smelter property or
other Asarco-owned properties conducted pursuant to the 1998 RCRA Decree.

Based on the risk assessment, EPA determined that exposure to contaminated soils above the
cleanup levels via ingestion pose a risk to human health and the environment under current and
future residential, commercial, and visitation uses. The selected remedy is intended to mitigate
or abate risks posed by ingestion of contaminated soil and sediments in ditches within OU2.

This ROD describes in detail the final remedy EPA has selected for contaminated soil on
residential, undeveloped, commercial, and public property in the community of East Helena and
surrounding areas in OU2. The cleanup remedy selected by EPA and documented in this ROD is
necessary to protect human health and the environment.
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SECTION §
SUMMARY OF SITE CHARACTERISTICS

This section includes a summary of information obtained by Site investigations and studies, a
description of the Conceptual Site Model (CSM) on which the investigations, risk assessment,
and response actions are based, and a description of the nature and extent of Site contamination.
More detailed information is available in the Administrative Record for the Site.

5.1 CONCEPTUAL SITE MODEL

The CSM is depicted in Figure 5-1 and shows potential contaminant of concern (COC) sources
and interconnecting relationships with pathways to receptors, i.e., this figure shows the sources
of lead and how that lead may come into contact people and the environment. This figure
provides the basic framework for assessing and finding risks from exposure to COCs. The CSM
and exposure pathways are discussed in greater detail in Section 7 of this ROD as part of the
Summary of Site Risks.

The CSM identifies the sources of contamination and pathways for transport historically
associated with smelter facilities in general and specifically with this Site. The primary source
materials associated with the smelter include ore storage, residue waste, tailings discharged from
the mill, and stack emissions. Surrounding areas have been contaminated through deposition
from wind and water erosion, and leaching. As a result, humans, animals and plants, have come
in contact with hazardous substances in the air (wind), soil, surface water, sediments, and
groundwater.

The two primary historical mechanisms for contaminating East Helena soils were aerial and
surface water deposition of lead discharged from the smelter facility. The predominant wind
directions in East Helena are towards the east, north, and northeast. However, when there was
little or no wind, air movement and deposition followed the natural topography, which in this
case is the Prickly Pear Creek watershed. These air patterns resulted in the highest
concentrations of metals deposition in residential portions of East Helena and the East Fields
area. All areas surrounding the smelter, however, were contaminated to a measurable extent.
Periodic flooding and overflow of Prickly Pear Creek also caused contaminants in sediments to
be carried away from the smelter site, and deposited in areas within East Helena and downstream
to the north.

5.2 PHYSICAL CHARACTERISTICS OF THE SITE
5.2.1 Climate and Meteorology

The climate of the Helena Valley, including the Site, may be described as modified continental.
A continental climate is a climate that is characterized by winter temperatures cold enough to
support a fixed period of snow cover each year, and relatively moderate precipitation occurring
mostly in summer. Modifying characteristics include 1) invasion by Pacific Ocean air masses, 2)
drainage of cool air into the valley from surrounding mountains, and 3) protection by mountains
in all directions.
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Figure 5-1. Conceptual Site Model
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Seasons typically consist of cold winters, wet springs, and warm summers with moderate
thunderstorm activity. Much of the moisture in the area comes from late spring and early
summer rain and runoff from significant winter snow accumulations at higher elevations. The
mean monthly temperatures in the Helena Valley range from 18 degrees Fahrenheit (°F) to 68 °F
annually.

Total precipitation amounts vary widely throughout the Helena Valley, from a semi-arid total of
less than 10 inches in the northern and eastern portions of the valley, to a sub-humid 30 inches or
more along the Continental Divide to the west. Precipitation occurs primarily as snow from
November through March, and as rain during the remainder of the year. The greatest amount of
precipitation normally occurs in May and June, with precipitation fairly evenly distributed
throughout the remainder of the year.

Mean annual evaporation for shallow lakes and reservoirs, estimated by the U.S. Soil
Conservation Service for the Helena Valley, is approximately 36 to 38 inches. The greatest
evaporation occurs in July and August with monthly totals from 7 to 11 inches.

In the East Helena area, wind direction is primarily from the south. Westerly winds are the next
most common. Highest wind speeds also come from the west.

5.2.2 Geology and Soils

The Site is located on unconsolidated Quaternary alluvium from the Prickly Pear Creek drainage,
which is underlain by fine-grained Tertiary deposits. These Tertiary deposits consist mainly of
yellow-white to light-gray, compact, siliceous, volcanic ash.

The Tertiary deposits are older stream and lake deposits consisting of gray and tan clays and silts
with occasional sand and gravel layers and may be more than 1,600 feet thick in the central
Helena Valley. These deposits commonly are overlain by up to 200 feet of unconsolidated,
stream-deposited Quaternary alluvium consisting of layers and mixtures of silt, sand, and gravel
from tributary drainages including Ten Mile Creek, Last Chance Gulch, and Prickly Pear Creek.
The Helena Valley is bounded by Precambrian metasedimentary rocks, Paleozoic and Mesozoic
age sedimentary rocks, and igneous rocks of Tertiary age.

Soils in the Helena Valley developed on valley fill derived from surrounding mountain ranges,
and on lake sediments of Tertiary age. The silt and clay soils are moderately calcareous and
have little organic matter. Soil profiles are only poorly to moderately developed. Soils in the
Canyon Ferry Lake area, to the east of Helena, are rich in tuffaceous materials of volcanic origin.

5.2.3 Hydrogeology

The Site is located on the southern edge of the Helena Valley, a 100-square mile intermontane-
basin. Valley-margin deposits are comprised of sand and gravel with varying amounts of silt and
clay, while the deposits toward the center of the valley are predominantly silt and clay with sand
interbeds. Smaller stream channel and colluvial deposits locally interfinger with the alluvial and
lacustrine deposits. Stream channel deposits are typically well sorted and very permeable,
whereas the colluvial deposits are poorly sorted and have low permeability. Layers and mixtures
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of Quaternary silt, sand, and gravel in the Helena Valley form a complex, but generally
hydraulically interconnected, system of unconfined and semi-confined aquifers. Shallow clay
layers may restrict vertical movement of groundwater from shallow to deeper zones. Generally,
the underlying Tertiary-age deposits are less permeable than the overlying Quaternary sands and
gravels and usually contain groundwater under confined or semi-confined conditions.

Groundwater in the Helena Valley generally moves north and east toward Lake Helena, which is
a discharge point for the valley groundwater system. Groundwater recharge in the Helena Valley
comes from precipitation in the valley and surrounding mountains, and from streams and
irrigation canals that cross the valley floor. In the vicinity of the Site, groundwater in the
unconsolidated Quaternary deposits generally flows to the north and receives recharge from
Prickly Pear Creek as the stream enters the valley near East Helena. Depth to groundwater in the
Helena Valley varies seasonally and usually ranges from about 10 to 50 feet bgs. The regional
shallow groundwater hydraulic gradient in the East Helena area averages about 0.0162 feet per
foot.

5.2.4 Hydrology

The Helena Valley is part of the Missouri River basin. Several major reservoirs, including
Canyon Ferry Lake, Hauser Lake, Holter Lake, and Lake Helena are located near the northern
extent of the Helena Valley. Major streams that enter the Helena Valley, including Prickly Pear
Creek, drain into Lake Helena.

Surface water in the area of the Site includes Prickly Pear Creek and several small ponds and
lakes. Prickly Pear Creek has its headwaters in the Elkhorn and Boulder Mountains about 30
miles south and west of the Site. Prickly Pear Creek flows along the east and north boundaries
of the East Helena Plant and drains into Lake Helena approximately seven miles north of the
Site.

Other surface water features at the Site include Upper Lake, Lower Lake, and Wilson Ditch (see
Figure 2-1). Lower Lake was used for collection and storage of smelter process waters. Upper
Lake receives flow from a diversion on Prickly Pear Creek about one-half mile south of the
smelter. Upper Lake provided smelter make-up water and historically supplied irrigation water to
Wilson Ditch. Flow into Wilson Ditch was historically controlled with a headgate at Upper Lake
where water entered an underground pipeline beneath the smelter and surfaced in an open ditch
at the western property boundary.

Historically, stormwater runoff from the smelter plant flowed into Prickly Pear Creek and
Wilson Ditch. In addition, Wilson Ditch historically transported irrigation water from Upper
Lake to fields northwest of the smelter area. Wilson Ditch flowed only during the irrigation
season. Wilson Ditch from the smelter to Highway 12 was remediated in 1993 and 1994 and
currently only exists north of Highway 12.

5.3 SITE CHARACTERIZATION

This section summarizes information on the nature and extent of contamination at the Site. EPA
previously identified five potential sources of contamination: smelter air and particulate
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emissions (both primary and fugitive), the slag pile, ore storage areas, process ponds, and process
fluids. These sources produced the contaminants of primary concern, identified as lead and
arsenic (though selenium recently was identified as a contaminant of primary concern for
groundwater under the 1998 RCRA Decree). Elevated levels of lead and arsenic had been found
in the air, surface soils, groundwater, and surface water. EPA determined that contamination
from these media had affected humans, livestock, vegetation, and fish.

The major facility operations that contributed to contamination were lead smelting and zinc
fuming conducted by Asarco. The two primary modes of contaminant deposition in the East
Helena soils are aerial and surface water deposition. The predominant wind directions in East
Helena are towards the north, east, and northeast and caused the highest concentration of
airborne metals to be deposited in the East Fields and the eastern portions of East Helena. Other
areas surrounding the smelter are also contaminated with metals from airborne particulates,
albeit at lesser concentrations. In addition, storm water runoff through Wilson Ditch (a major
irrigation ditch) and Prickly Pear Creek transported fine-grained concentrates and other
contamination from the smelter to residential and undeveloped areas along the creek and lands
that are served by Wilson Ditch (see Figure 2-1).

Investigations that began in the mid-1980s and which continue today reveal substantially
elevated levels of some 18 to 20 elements in Site soils. All of these elements are found naturally
in the Earth’s crust, but generally at much lower concentrations. However, at the Site many of
these elements are found at elevated concentrations several miles downwind or downstream of
the smelter facility. Lead and arsenic are the elements of concern under CERCLA.

5.3.1 Soil, Dust, and Sediment
5.3.1.1 CDC/MDHES East Helena Child Lead Study Report

In 1983, MDEQ (formerly MDHES), in cooperation with the Center for Disease Control (CDC),
conducted a comprehensive epidemiologic study in the Helena Valley to assess children's blood-
lead levels and the relationship of these levels to different environmental media, including soil.
(CDC, 1986) The CDC study involved the collection of 674 soil samples from the O- to 1-inch
depth in yards at 296 residences in and around the City of East Helena. An intentionally biased
sampling scheme was followed, focusing on households with children between the ages of 1 and
5 who had lived in the study area for 3 months or more. Soil samples were collected and
analyzed by x-ray fluorescence for total silver, arsenic, cadmium, chromium, copper, mercury,
manganese, lead, antimony, selenium, and zinc.

The 1983 CDC/MDHES Soil Lead Investigation found that lead concentrations ranged from 3.1
to 7,965.0 mg/kg in the 674 surface soils samples collected from the yards of homes within a
2.25-mile radius of the plant site. A statistical comparison of the geometric mean lead levels
from four zones (0 to 0.5 mile, 0.5 to 0.75 mile, 0.75 to 1.0 mile, and 1.0 to 2.25 miles from the
smelter) indicated that soil lead levels decreased significantly with each increasing distance zone
away the smelter property. A geometric mean surface soil lead concentration of 1,213 mg/kg
was found within concentric zone extending 0.5 mile from the center of the smelter. The highest
soil lead concentrations by city block were found in the first two streets north of the plant where
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there were geometric mean concentrations of 1,807 and 1,870 mg/kg, respectively. Mean arsenic
concentrations ranged from 126 (three-inch core) to 155 mg/kg (one-inch core).

Lead levels in grab samples of household dust collected from vacuum cleaner bags ranged from
80 to 18,361 mg/kg and were highest in areas closest to the smelter. Floor wipe samples showed
low levels of lead with the highest concentration reported at 2.35 mg/kg. Lead levels found in
household dust samples collected from one square meter of carpet ranged only as high as 6.7
mg/kg. The concentration of arsenic in floor wipe samples was not reported.

5.3.1.2  EPA Phase I Remedial Investigation

In 1984, EPA collected a total of 157 soil samples throughout the 100-square-mile Helena Valley
using a geometric grid sampling plan. In addition, three “background” surface soil samples were
collected from an area approximately 27 miles southeast of the Site. All samples were collected
from the 0-to 4-inch zone and 47 sites were sampled to a 30-inch depth (samples collected from
4-8, 8-15, 15-30 inch depths). Metal analyses were conducted for total silver, arsenic, cadmium,
chromium, copper, mercury, manganese, lead, selenium, and zinc, as well as aluminum, barium,
beryllium, cobalt, iron, nickel, tin, thallium, and vanadium. These data were used to calculate
metal concentrations in the East Helena area relative to background samples, and to generate
spatial distribution maps using geostatistical techniques (EPA, 1987b). Of the 157 sample sites,
five were within the city limits of East Helena; however, an additional 13 sites lie sufficiently in
and around the greater East Helena area to be used for residential soil characterization (i.e., 18
samples total). As described subsequently, extensive sampling has been conducted within East
Helena itself.

The Phase I RI found that silver, arsenic, cadmium, copper, mercury, manganese, lead, selenium,
tin, thallium and zinc concentrations on the average were 1.3 to 27.3 times higher than
background. Cadmium and lead had the highest factors of 27.3 and 17, respectively. In general,
the maximum concentrations of metals in soils were located immediately east of the smelter and
decreased in all directions toward the valley perimeter. Soil contamination tended to be skewed
to the east in the prevailing wind direction. The maximum concentrations of lead, arsenic, and
cadmium detected in soil were 8,300 mg/kg, 570 mg/kg, and 104 mg/kg, respectively. The
lowest soil pH values (4.7 — 5.3) were located immediately east of the smelter.

Metal contamination was also present to a depth of 30 inches at the Site. Eight elements were
found in higher concentrations than background in project area soils at the 4 to 8 inch depth.
They were arsenic, cadmium, copper, lead, mercury, selenium, thallium, and zinc. Most soils
also had concentrations of arsenic, cadmium, copper, lead, and zinc above background in the 8
to 15 inch horizon. Most soils demonstrated levels near background concentrations for the 15
to 30 inch depth. Overall these data suggest that metals migrated from the surface down to the
15 to 30 inch depth horizon. EPA found that metals had leached deeper into soils near the
smelter, primarily due to the higher concentration of metals in the surface soil, rather than to pH
or other factors.

Sample results from plowed and unplowed land in undeveloped areas showed little difference in
concentrations of arsenic, cadmium, lead, and zinc.
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The Phase I results indicated that a Phase II investigation was warranted.
53.1.3  Asarco Comprehensive Phase II RI

In 1987, Asarco collected 24 soil samples from within the city limits of East Helena. Of these
samples, 20 were collected from the same locations sampled by the CDC/MDHES in 1983 in
order to assess the quality of the larger CDC/MDHES database. The other four 1987 samples
were collected from two public schools and two parks that had not been previously sampled.
Composite samples were collected within a 0.7 meter square area from O to 2 inches from the
front, back, and side yards. In addition, the front and back yard composite samples were
combined into one sample. All 24 samples were analyzed for silver, arsenic, cadmium,
chromium, copper, mercury, manganese, lead, antimony, selenium, thallium, and zinc.

Based on the similarity of the 1983 data to the 1987 data that were collected from the same
locations, the lead data from the 1983 CDC/MDHES soil investigation were determined to be
suitable to include in the data set of the Phase II RI.

A summary of the Site soil characteristics based on the combined 1984 and 1987 data showed:

o For 42 surface soil samples collected within East Helena during 1984 and 1987, total
concentrations of cadmium ranged from 4.2 to 112.0 mg/kg, lead ranged from 126.0 to
7,225.0 mg/kg, and arsenic ranged from 8.8 to 218.0 mg/kg.

o Of the 42 surface sampled sites distributed across the East Helena residential area, 90 to
100 percent had silver, cadmium, copper, mercury, manganese, lead, and zinc
concentrations above background. Seventeen to 88 percent of these sites were above
background for arsenic, chromium, antimony, selenium, and thallium.

o Total concentrations of each element, except for chromium and manganese, appear to be
elevated in the two public parks. Concentrations of lead in both parks exceeded 1,000
mg/kg. The highest arsenic concentration was 140 mg/kg, and the highest cadmium
concentration was 50 mg/kg.

o Concentrations of lead in surface soils (0 to 1 inch) at East Gate School were 152 mg/kg,
and at Radley School they were 1,160 mg/kg. Concentrations of arsenic were 23 mg/kg
and 75 mg/kg, and concentrations of cadmium were 4.2 mg/kg and 20 mg/kg,
respectively.

o Lead levels were highest nearest the smelter facility in the O-to 0.5-mile zone and
decreased significantly as distance from the facility increased with each 0.25-mile
increment.

53.14 Removal Action Characterization

Additional characterization of soil lead concentrations has been conducted as part of the
residential soils removals beginning in 1991. The following protocol, developed by EPA,
MDEQ, and LCC, was used to collect and analyze soil samples from residential yards, business
property, playgrounds, parks, and along streets and alleys in the East Helena project area during
the soil Removal Action.
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Initially, samples were collected from 50 to 60 locations to help calibrate XRF sampling
equipment and to determine the optimum depth for soil removal. After this initial sampling was
completed, samples were collected from yards within the “yellow zone,” (Figure 2-1) to
determine if remediation was necessary. The yellow zone is comprised of approximately 30 city
blocks located directly across the railroad tracks and highway from the smelter, where historic
soil contamination of soils was more severe than elsewhere. Each average-sized yard was
divided into 4 to 6 sampling units, or sections, from which 20 to 40 total samples were collected.
Samples from each section were composited. The composite samples were analyzed for lead by
XRF. The “exposure unit” was defined as the entire yard or lot, not the individual sampling
section.

At properties inside the yellow zone, all yards, parks, strects and alleys automatically qualified
for cleanup. Not all of the yards in the yellow zone were sampled prior to removal, because RI
and removal action sampling indicated that concentrations of lead in the yellow zone were 6,000
to 10,000 mg/kg, and it was highly unlikely that any yard would be below the 1,000 ppm. This
approach was applied only in the “yellow zone,” because of the high frequency and level of lead
concentrations detected in this area, which is closest to the smelter.

Sampling of lots in residential areas outside the yellow zone consisted of collecting no fewer
than 20 samples per lot. Often 32 to 40 samples were collected. Once again the entire lot was
considered the exposure unit. The cleanup level for lots outside the yellow zone was a soil lead
concentration of 1,000/500 ppm or less. In other words, if any one section of the lot exceeded
1,000 ppm, all sections of the lot greater than 500 ppm were cleaned down to 500 ppm or less.

The initial depth of soil removal was determined by prior sampling. After removal activities
were completed at a property and prior to backfilling with clean soil, the yard was sampled again
and analyzed for lead, arsenic, cadmium, copper, and zinc using XRF. If lead concentrations
were below 500 ppm, the yard was then backfilled with clean topsoil. If not, additional
contaminated soil was removed from the excavation and the soil was resampled.

The sampling approach for public areas differed slightly from that for residential lots. Again,
biased sampling was conducted, in which areas where water tended to accumulate, causing lead
to potentially accumulate there as well. The approach for public areas such as playgrounds,
school yards, parks, alleys, areas between roads and private property, and land associated with
municipal buildings, was as follows:

» For playgrounds and parks, the area was divided into units of approximately 60 feet by 60
feet, or an equivalent area, and soil from three sampling points was composited for
analysis by XRF.

¢ Unpaved road apron areas were divided into sampling units 150 feet long. The width of
each unit was the distance between the paved area and the private property. Soil from
three sampling points was composited for analysis by XRF.

o Unpaved alleys were divided into sampling units 150 feet long where the width was
determined by the private property boundaries. Within each unit, soil from three
sampling points was composited for analysis by XRF.
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The same cleanup level for residential yards was applied to public use areas to determine
whether cleanup was required. If so, after contaminated soil was removed from each public area,
the property was resampled and analyzed with XRF for lead, arsenic, cadmium, copper, and zinc.
The area was then backfilled with topsoil obtained from uncontaminated agricultural lands.

In 1994, EPA modified its sampling and analysis methods to incorporate biased sampling and the
use of the 95™ percentile upper confidence limit (UCL) to obtain more conservative sampling
results than outlined in EPA’s national guidance. In order to “bias” sampling results, samples
were taken from areas in yards most likely to have the highest lead concentrations, including
depressions and drip lines that collect runoff; play areas without a protective grass barrier;
undisturbed areas around the property’s edges; worn paths from shops or garages; parking areas
for trucks and equipment; areas showing signs of fallen chipped paint; junk storage areas
(batteries, oil, etc.); and kennels and pet runways. Over 180 yards, not previously requiring
remediation, were resampled and reevaluated using this approach, and new lots not previously
sampled also used this sampling and evaluation method. As a result of this modification,
approximately 60% of the resampled yards were found to qualify for cleanup that had not, or
would not have, qualified otherwise. The result is that sampling protocols have been continually
updated and consistently applied at East Helena.

In addition, the Agency for Toxic Substances and Disease Registry’s (ATSDR) Health
Consultation for the East Helena Superfund Site noted that historical protocols at East Helena
have concentrated sampling efforts in the top few inches of soil, which is where individuals are
generally exposed. ATSDR found that the sampling protocols support the identification of
residential yards that may require cleanup actions due to elevated lead levels.

Sample Results

All sampling results were evaluated in an effort to delineate the areal extent and degree of lead
concentrations in the soils in and around the smelter property, and to identify the outer sampling
boundary for all residential areas around the smelter and East Helena. The East Helena area was
divided into eight sectors, extending radially away from the smelter to the west, east, and north.
(Figure 5-2) Analytical results from soil samples collected from 1991 through 1996 were
plotted annually to determine which residential yards were candidates for remediation. Yards for
those residents who said they were "not interested" were not sampled. In addition, soil samples
collected from the Prickly Pear Creek flood plain and drainage ditches running through
properties in the northern outlying areas were not included because they were assumed to already
have been contaminated by metal deposition associated with drainage areas that were outside the
scope of the report. By 1996, more than 1,400 residential samples were collected and analyzed.
No samples from undeveloped areas were included.

Within each of the eight sectors, soil sample results were analyzed and a "closure window" was
statistically calculated. A closure window is defined as an area in the identified sector beyond
which no further sampling is required to identify additional lots where there may be elevated
lead levels in residential soils. The criteria for closure of a sector window were either a data set
having an upper 95 percent confidence limit that there would be less than 1,000 mg/kg lead
(based on a 2-tailed test), or the outer limits of a residential area, whichever came first. Sectors
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2, 4,7 and 8 met this criterion using a 2-tailed test for calculating the upper confidence limits.
Sector windows 1, 3, 5, and 6 met the criterion on the basis of sampling conducted at the outer
physical limits of the residential areas. The boundaries of each closure window are identified in
Figure 5-2.

EPA has required residential soil sampling since 1996 because development has occurred beyond
some sector closure windows; however, few of the properties sampled had soils with lead
concentrations high enough to require a removal action. Figure 5-3 presents the extent of soils in
the East Helena area with lead concentrations likely to be greater than 1,000 mg/kg, based upon
removal action sampling results. Properties outside of this boundary may have lead
concentrations in soil greater than 1,000 ppm, however, it is expected that these will be relatively
few in number.

Figure 5-4 presents the general extent of arsenic contamination; however, a limited number of
residential areas outside of the contours shown on Figure 5-4 have had arsenic concentrations
above 176 mg/kg and 100 mg/kg, respectively. Sampling to date has shown that only
approximately five properties have yard-wide average arsenic concentrations greater than 100
ppm arsenic in association with lead concentrations less than 1,000 ppm. These properties are
located north of East Helena’s city limits where historical ditches and channels are present.
Historical runoff from the smelter property that flowed through these channels and ditches
contributed to the arsenic contamination on these properties, and results from sampling of these
ditches as part of the residential sampling likely caused the property to exceed a concentration of
100 ppm. It is also noted that these five properties have average lead concentrations less than
700 ppm, and most have lead concentrations less than 500 ppm.

The median concentration of arsenic across the Site is approximately 50 ppm and the maximum
arsenic concentration is 230 ppm for those properties that have lead concentrations in soil less
than 1,000 ppm.
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Soil lead concentrations of soils at residential properties in East Helena exhibit an extraordinarily

O high degree of variability (also termed heterogeneity). This high degree of variability became
apparent in the late 1980s. Lead concentrations within a single yard commonly range from lows
of 150 to 300 ppm to a maximum value of 1,500 to 2,000 ppm or higher. Concentrations from
one yard to the next also are unpredictable. This phenomenon is not surprising, given the
disturbances that have occurred during normal excavation, construction, laying out of streets,
alleys, sidewalks and driveways, and yard development.

Because of high variability in lead concentrations, EPA chose a soil sampling protocol for
existing residential areas that requires a minimum of 20 samples per yard. In medium- to large-
sized yards 32 to 40 or more samples are taken per yard in order to ensure that each yard is
adequately characterized.

The extraordinary degree of variability present in residential settings is illustrated by Figure 5-5.
This figure shows actual soil lead concentrations in 48 individual yards in a neighborhood near
the East Valley Middle School. For example, Yard No. 3 of Block DH has a high lead value of
1221 ppm, a low lead value of 149 ppm, and a yard mean of 478 ppm. This yard qualifies for
cleanup by virtue of a single high value exceeding 1,000 ppm, as does Yard No. 4 “next door,”
with a lead level of 1269 ppm. These examples are typical of properties throughout all the
peripheral neighborhoods of East Helena. While the central neighborhoods of East Helena,
including the “Yellow Zone,” have already been cleaned up, these outer neighborhoods remain
to be evaluated.

O Figure 5-5 also shows that several yards with a single value of greater than 1,000 ppm lead
would not qualify for a cleanup under an approach for which the yard average would have to
exceed either 500 ppm or 600 ppm lead. Using the example from Yard No. 3, the yard average
lead is less than 500 ppm.

The two-part residential removal action level adopted for East Helena (1,000/500 ppm lead) is
uniquely suited to the variability of lead concentrations in residential soils, and provides a
protective, yet cost-effective remedy. This approach overcomes the inherent variability and
ensures that this response action will result in no soils remaining with lead concentrations above
1,000 ppm. The two-part cleanup action level is expected to achieve a community-wide post-
cleanup level for lead substantially less than 500 ppm. The result will be protective of human
health.

O
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5.3.1.5  Agricultural/Undeveloped Lands

Since 1987 soil sampling of agricultural/undeveloped lands for arsenic and lead has been focused
primarily on the fields east of the smelter in order to conduct experimental studies and to identify
areas for disposal of the excavated residential soils.. Based on this sampling and RI data, EPA
believes that soils as far as 2 to 3 miles from the smelter may contain lead concentrations ranging
from 500 to 1,000 mg/kg (Figure 5-6). Figure 5-4 presents the extent of arsenic contamination in
soil in the East Helena area. Concentrations of lead or arsenic may exceed the values shown on
the contours in areas beyond the contours; however, as undeveloped lands within a several mile
area of East Helena are developed, sampling and additional characterization for arsenic and lead
will be conducted.

Figure 5-6 also shows the rodeo grounds immediately west of the smelter. This property is
owned by Asarco and includes the rodeo arena and approximately 20 acres of surrounding,
undisturbed land that is used primarily for parking. Lead levels in these soils range from 1,144
ppm to 5,304 ppm. The rodeo grounds are used occasionally in the summer, typically less than
10 days per year.

Soil sampling conducted on several hundreds of acres of agricultural land and other undeveloped
lands around East Helena reveals fairly uniform and predictable lead concentrations. For
example, the concentrations of lead in soil in the West Fields exhibit relatively little variability
when compared to residential areas as shown on Figure 5-7. Uniformity in lead concentrations
in the soils of undeveloped lands is expected because they have not yet been subjected to
development activities that disturb soils during excavation, construction, laying out of streets,
alleys, sidewalks and driveways, and yard development.

Recognizing the difference in variability of lead concentrations between residential properties
and undeveloped properties early in the Removal Action drove EPA, MDEQ, and LCCHD to
adopt a less intense sampling strategy for undeveloped lands. The high variability of
concentrations in residential soils necessitated intensive soil sampling to adequately characterize
properties, whereas less intensive soil sampling was needed to adequately characterize lead
concentrations in the more consistent undeveloped property soils. As previously mentioned,
sampling in residential areas requires a minimum of 20 samples per yard, but medium- to large-
sized yards require as many as 32 to 40 or more samples to ensure that each yard is adequately
characterized. For residential yards, sampling costs can range as high as $2,000 to $3,500 per
one-quarter to one-half acre lot.

In contrast, experience showed that soil sampling of undeveloped lands typically requires 16
samples per acre to adequately characterize the nature and extent of contamination where the
lead concentrations are less variable than in residential areas. Remediation of open undeveloped
lands was readily achieved by methods that are not possible to implement in residential confined
spaces at significantly lower costs than residential methods. In addition, costs for remediation of
undeveloped land were less than the cost of sampling these areas at the same intensity as
residential areas. Thus, the lower intensity sampling was also found to allow undeveloped lands
to be remediated at a lower cost than the cost of sampling at a residential intensity.
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Both of these sampling protocols are consistent with Guidance for Data Usability in Risk
Assessment (EPA 1999). This guidance states that soil samples should be collected in a manner
which is spatially representative of how a receptor contacts the area, and enough samples should
be collected in order to have statistical confidence that the range of contaminant variability is
captured at the site. In other words, the more heterogeneous the contamination, the more
samples are needed to achieve that confidence.

5.3.1.6 Sediment and Surface Water

Sediments originate as surface soils that have eroded into finer particulates, which then become
suspended in stream flows and deposited elsewhere. Sediments can become contaminated by
COC:s before they are taken up by water flow or after they are deposited by a stream.
Historically, stormwater runoff from the smelter property flowed into Prickly Pear Creek and
Wilson Ditch; however remedial action for the Process Ponds (OU1) conducted under CERCLA
and ancillary runoff control actions have controlled this runoff. Stormwater runoff is now
collected in tanks and managed under the Montana Stormwater Discharge Permit Program.
Asarco currently has a stormwater discharge permit from MDEQ’s Permitting and Compliance
Division, Water Protection Bureau. Asarco’s stormwater controls are based on a 100-year storm
event.

In November of 1984 and June of 1985, during the Phase I RI, bottom sediment samples were
collected from Prickly Pear Creek and Wilson Ditch adjacent to the smelter property; and from
Upper Lake. Additional sediment samples from Wilson Ditch were collected and analyzed in
December 1987. The results are discussed below and the evaluation of risk posed by creek and
ditch water and sediments is discussed in Section 7.

Prickly Pear Creek

Prickly Pear Creek sediment quality is the product of two basic factors: 1) upstream physical and
chemical conditions, and 2) sediment that has been transported by runoff and process waters
from the smelter and deposited downstream. Prickly Pear Creek sediment quality upstream of
the smelter probably reflects conditions resulting from historical mining, milling, and other
disturbances. During storm events, the high concentrations of suspended sediment come mostly
from bank erosion along the main stem and tributaries of the creek. Abandoned mine dumps,
eroding channel banks, breached settling ponds and periodic flushing of sediment from behind
the Asarco dam in East Helena contribute to the high concentrations of suspended sediment.
Sediment at locations downstream of the smelter property are noticeably higher in arsenic and
metals.

The results of the Phase I RI conducted in the 1980s did not show contamination in Prickly Pear
Creek at levels of concern other than slight arsenic loading from the Process Ponds.
Concentrations of arsenic in creek water ranged from 6 to 89 micrograms per liter (ug/l or ppb;
total) and from less than 4 to 79 ug/l (dissolved). Mean concentrations of arsenic were 21 ug/l
total and 16 ug/l dissolved. Concentrations of metals in sediments ranged from 10 to 84 mg/kg
for arsenic, and from 60 to 1,450 mg/kg for lead. Additional COCs may be identified during the
1998 RCRA Decree investigations.
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Wilson Ditch

Samples taken during the Remedial Investigation showed that the water quality of Wilson Ditch
is essentially the same as in Prickly Pear Creek above the plant. However, analytical results,
although variable, generally showed elevated concentrations of metals, particularly arsenic and
lead. In addition, concentrations of arsenic and lead were generally higher than those in Upper
Lake.

Wilson Ditch bottom sediments contained elevated metals, with highest concentrations near the
surface of the sediment at locations nearest the plant site. The highest concentrations, 2,658
mg/kg for arsenic and 6,528 mg/kg for lead, were immediately downstream of the smelter
property. Samples collected from the O- to 30-inch interval showed that the highest
concentrations are typically within the 0 to 8 inch horizons, decreasing significantly with depth.
Generally, concentrations of arsenic and lead were less than 100 mg/kg in the 19 to 30 inch
interval.

The source of metal contamination in Wilson Ditch, other ditches in East Helena and those in
surrounding lands, was stormwater runoff from the smelter property, particularly from the ore
storage areas.

As discussed in Section 2.3, that reach of the Wilson Ditch extending from the smelter property

to U.S. Highway 12 was cleaned up in 1993 and 1994 as part of the Removal Action conducted

for OU2. The ditch was backfilled and filled in to the extent that the ditch no longer exists from
the smelter property to a point in the Manlove Addition.

Wilson Ditch north of the U.S. Highway 12 in the West Fields may require additional
characterization and possible cleanup in the future, particularly if these lands are developed.

Other Water-Spreading Ditches and Channels

There are numerous other water-spreading ditches and channels (primarily associated with
irrigation) in the East Helena vicinity. These ditches and channels, which extend 2 to 3 miles to
the north of East Helena, have elevated levels of lead and arsenic in their surface soils and
sediments. This contamination is thought to have been transported from outdoor piles of
concentrates on the smelter grounds during flood events. These ditches, too, have been and will
be characterized as necessary during the residential soil Removal Action, and as the undeveloped
lands through which they run are developed.

5.3.1.7  Railroad Rights-of-way and Adjacent Areas

In 1998, EPA sampled soils on the Burlington Northern Santa Fe railroad right-of-way (ROW),
from the smelter west to where the tracks pass underneath U.S. Highway 12 and east to
approximately where the tracks intersect the 1,000 ppm lead contour on Figure 2-1. Biased
sampling was conducted where vegetation appeared distressed or there were tracks left by
bicycles or cars. In addition, ROW areas in close proximity to neighborhood yards were
sampled as well as any area within the right-of-way where soils had been disturbed or scraped.
Soil samples revealed high concentrations of lead and arsenic.
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To the west of the smelter facility, lead levels in the right-of-way ranged from 246 mg/kg to
43,906 mg/kg, the upper end of which greatly exceeds concentrations found anywhere else
outside the smelter property. Arsenic levels in the right-of-way to the west of the smelter facility
ranged from 167 mg/kg to 2,018 mg/kg. Sampling results also showed elevated concentrations
of lead, arsenic, and cadmium within the railroad right-of-way to the east of the plant. Lead
levels ranged from 2,849 to 15,137 mg/kg, and arsenic levels ranged from 167 to 1,421 mg/kg.
High metal concentrations may be the result of incidental spillage during railroad operations or at
least one incident of intentional dumping of ores and concentrates, rather than from aerial
deposition.

5.3.2 Vegetation
53.2.1 EPA Phase I Remedial Investigation

The Remedial Investigation on OU2 gathered site-specific data to characterize the nature and
extent of contamination in the soil, vegetation, and cattle resources of the Helena Valley. In
1983, during the Phase I RI, 59 plant tissue samples and 24 grain samples were collected from a
total of 58 different locations. Vegetation samples were also collected from three control sites
east of Canyon Ferry Lake. Plant tissues were analyzed for arsenic, barium, cadmium,
chromium, cobalt, copper, iron, lead, manganese, mercury, arsenic, vanadium, and zinc. Grain
samples were analyzed for the same suite of elements and nitrogen, phosphorous, and potassium.

The following conclusions were drawn from this 1984 sampling event:

¢ Concentrations of arsenic, cadmium, copper, lead, mercury, and zinc in plant tissues
(alfalfa, winter wheat, and needle-and-thread grass) and wheat and barley grain were
higher than background. Of all the elements, lead was consistently found in the highest
concentrations.

» No significant correlations were exhibited between element levels in plant tissue and
element levels found in the wheat and barley grain heads.

e Vegetation within an approximate 1-square-mile area near East Helena revealed lead
concentrations exceeding 30 mg/kg, which is the recommended maximum dietary level
for cattle suggested by the National Academy of Science (NAS, 1980).

o In general, strong, and in some cases significant, correlations were found between both
total and extractable concentrations of metals in soils and concentrations of metals found
in plant tissue. These relationships were not found between soil levels and concentrations
in grain (heads).

The risk assessment in Section 7 discusses the implications of these findings.
53.22  Asarco Comprehensive Phase II Remedial Investigation
One objective of the Phase II Remedial Investigation was to determine levels of arsenic,

cadmium, copper, mercury, lead, and zinc in area crops Wheat was chosen as the species to
investigate and 42 samples were collected in 1987.

East Helena OU2 Final ROD 5-21 September 2009




The RI concluded that some grains in the study area contain elevated concentrations of arsenic,
cadmium, and lead. The grains were sampled from fields relatively close to the smelter (to the
east, northeast and southeast). Only cadmium had significantly elevated concentrations above
background levels for fields located more than 3 miles from the plant. Fields located more than
4 miles from the plant do not show significantly elevated concentrations above background for
any element. The risk assessment in Section 7 discusses the implications of these findings.

5.3.3 Cattle
533.1  EPA Phase | Remedial Investigation

In 1985, EPA’s Phase I Remedial Investigation surveyed cattle resources within the Helena
Valley, including an investigation of metal uptake in cattle. Two hundred twenty-two animals
representing nine herds (eight herds within the Helena Valley and one control herd near
Townsend) were selected for detailed studies. Samples of whole blood, blood serum, and hair
were collected and analyzed for arsenic, lead, cadmium, and zinc. The main conclusions
regarding lead uptake in cattle are discussed below and the risk assessment in Section 7 discusses
the implications of these findings.

» All cattle herds tested in the Helena Valley exhibited significantly elevated blood-lead
levels over those of the control herd (not in the valley). All control herd animals were
found to have normal blood lead concentrations.

» A significant correlation was found between the mean blood-lead concentrations of a
tested herd and surface soil lead levels; herds with high blood-lead levels were located on
surface soils containing high lead concentrations.

o Herds closer to the smelter had higher mean blood-lead levels than herds further away.

¢ Five of the eight herds included individual animals with blood lead levels that exceeded
the diagnostic toxicity criteria of 35 ug/dl. Eighty percent of the cattle tested in the valley
exhibited blood-lead levels in the normal diagnostic range.

5.3.3.2  Asarco Comprehensive Phase II Remedial Investigation

The Phase II RI also assessed metal concentrations in cattle to help determine the human health
risk posed to humans who may eat beef from locally-raised cattle. Samples of kidney, muscle,
and liver tissue were collected from eighteen animals, six each from two herds located near the
smelter and one control herd located near Townsend, Montana. Tissues analysis for
concentrations of arsenic, cadmium, lead, and zinc found instances of slightly elevated levels of
cadmium and arsenic in the liver, kidney, and muscle tissue samples, but not lead. The risk
assessment in Section 7 discusses the implications of these findings.

The interpretation of these data, specifically those for cadmium, was complicated by several
factors, including animal age and distribution within each test group, and by gender. However,
in general, arsenic, cadmium, and lead concentrations in muscle and liver tissue do not exceed
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typical ranges for cattle raised throughout the United States based on comparisons to local and
national background data.

54  EAST HELENA LEAD EDUCATION AND ABATEMENT PROGRAM

The East Helena Lead Education and Abatement Program, established in July 1995, is
administered by the LCHD as a multi-pathway lead risk prevention and abatement program. The
program works to provide lead education, health intervention and childhood blood screening,
development and implementation of institutional controls, environmental assessment and
sampling, and multi-pathway lead abatement.

The overall purpose of the program is to reduce or prevent elevated blood-lead levels in children
and to collect data relevant to long-term planning, institutional controls, and long-term
management of lead risks. Program activities are designed to reduce children's mean blood-lead
level to national levels, and to continue the current trend toward fewer children in the East
Helena area with elevated blood-lead levels.

The program provides broad-based education to the public in homes, day-care centers and
schools, focusing on nutrition, hygiene, continued health monitoring (blood lead testing) of the
area’s children, “safe play” programs, and continued risk reduction. The program also:

» provides education to area residents on the need to avoid areas with elevated soil lead
levels and to maintain soil and sod barriers.

o provides information to future buyers and sellers of property, lending institutions, and
realtors regarding both site-wide and individual property-specific conditions.

o promotes environmental assessments of residential yard soils, household dust, water and
paint, to identify sources of and pathways by which people may be exposed to lead.

Program tasks include the following:

o Educate East Helena families about lead exposure. Increase public awareness about
lead hazards through one-to-one education. Provide educational programs to children at
schools and day care centers. Provide written educational information in fliers, articles,
and ads in newspapers. Distribute information at schools, day care centers, and at the
Health Department. Participate in community events.

e Continue screening children in the East Helena area for blood lead levels. Plan and
conduct fall screening events at elementary schools. Offer screening to East Helena day
care centers. Host screening clinics at the program office and screen other individuals on
a by-request basis. Provide education and guidance about rescreening to parents with
children having blood-lead levels equal to or greater than 10 micrograms per deciliter
(ug/1). Compile and track information on East Helena children who are screened for lead
levels.

¢ Encourage and maintain open communication among stakeholders. Continue to host
Lead Program Advisory Committee meetings, attend East Helena Citizens Advisory
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Council/Committee meetings, and attend City Council meetings. Respond to questions in
a timely manner.

Promote Environmental Assessments. Publicize free environmental testing services,
including soil, dust, paint, and water sampling, available to East Helena area residents
with children. Perform up to 50 environmental assessments each year.

Continue oversight of remediation and soil monitoring in East Helena. Work with
Asarco and the EPA to find homes that meet the guidelines for yard replacement, and
participate in remediation design and planning. Coordinate sampling of potentially
contaminated soils with the EPA and Asarco.

Administer the Exterior Lead-based Paint Abatement Contract. This program is
designed to prevent residential yards from becoming recontaminated by lead paint after
they have been cleaned. The program will continue with Superfund funds until this risk
is substantially reduced or eliminated. The Lead Program will inspect houses and select
high-priority sites on the basis of abatement criteria, and select contractors to assess each
property and to remove lead paint.

In 1999, the LCHD and EPA evaluated the Lead Education and Abatement Program and
produced a summary document, a community survey, and an external peer-review. Results of
the evaluation indicate that the program had been successful as a supplement to EPA’s soil
removal action and the Asarco facility improvements that reduced blood lead levels in East
Helena children. The review led to the following important program enhancements to better
serve the community:

Continue blood lead screening as a voluntary program; however, the program should be
supplemented with more aggressive, focused blood lead screening

Implement a quality control program to assure that laboratory performance remains
uniform over time and that precise and accurate protocols are followed

Measure improvements in interior and exterior dust lead levels

Reach more community members, such as pregnant women, babysitters, physicians,
workers in the building trades, realtors, and gardeners

Place information in the GIS on the location of remediation activities, environmental
levels, and the location of gardens

Sharing other beneficial hygiene and health practices with families in the community.

EPA agrees that the above-mentioned recommendations in the peer review will contribute to the
effectiveness of the Lead Education and Abatement Program. Modifications to the program
were incorporated into the Five-Year Plan.
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SECTION 6
CURRENT AND POTENTIAL FUTURE LAND AND RESOURCE USES

EPA policy directs decision makers to take into account “reasonably anticipated future land
uses” when making remedial decisions. This information forms the basis for reasonable
exposure assessment assumptions and risk characterization conclusions presented in Section 7.

6.1 LAND USES

Current land uses include established residential areas and commercial businesses, newer
residential subdivisions and acreage home sites, agricultural lands and open spaces, and
industrial facilities (primarily the former Asarco smelter and American Chemet plant).

EPA reasonably anticipates that existing residential properties will remain residential and that,
based on historical growth patterns, new residential subdivisions may be developed on land that
is currently agricultural or undeveloped. Some agricultural lands will remain as productive
resources. The East Fields have been used as a repository for contaminated soil and,
consequently, future development there will be restricted.

6.2 WATER USE

Prickly Pear Creek water historically was, and currently is, used for irrigation water. However,
during the 1990 RI/FS EPA found that Prickly Pear Creek is not extensively used for irrigation.
Recharge to groundwater in the Helena Valley comes from infiltration of precipitation on the
valley floor and surrounding mountains, and particularly from water losses from streams and
irrigation canals that cross the Helena Valley.

Prickly Pear Creek is classified as B-1 by the State of Montana as discussed in detail in
Appendix C. Waters classified B-1 are, after conventional treatment for removal of naturally
present impurities, suitable for drinking, culinary and food processing purposes. These waters are
also suitable for bathing, swimming and recreation, growth and propagation of salmonid fishes
and associated aquatic life, waterfowl and furbearers, and use for agricultural and industrial
purposes. Prickly Pear Creek is not currently used as source of drinking water, nor is it
reasonably anticipated to be used as a source of drinking water in the future. Prickly Pear Creek
is occasionally used in warmer seasons for recreational purposes, particularly fishing and
wading. However, much of the creek has limited access because of brush. Swimming and
wading in the creek are limited because of the cold, shallow waters and rocky, slippery bottom.
The occasional recreational use of the creek is usually by older children.

There is growing interest in the community to enhance the riparian zones of Prickly Pear Creek,
and, where applicable, to integrate that enhancement with expanded recreational or open space
use where use will not compromise riparian habitat. Because of this, future RCRA investigations
and remedial activities may include these areas.

Groundwater is not part of OU2; and therefore use was not assessed for this ROD. EPA does not
anticipate that water use will change as a result of the remedy for OU2. Groundwater is being
addressed under the 1998 RCRA Decree.
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SECTION 7
SUMMARY OF SITE RISKS

Several risk assessments and other risk-related studies were conducted for the East Helena
Superfund site. The main focus of these assessments was on human health in residential settings,
with particular emphasis on evaluating and protecting younger children (age 6 years and under)
from exposures to lead. Arsenic, cadmium, and some 12 or more other elements were found to
be present at concentrations requiring evaluation, not only for human receptors but for
environmental receptors as well. However, the potential for children’s exposures to lead
dominated EPA’s concern here.

A baseline risk assessment was performed to evaluate the potential for adverse human health and
. environmental effects that might occur from exposure to Site-related contaminants. Current and
future risks were estimated for a baseline scenario (i.e., risks that might exist if no remediation or
institutional controls were applied). The baseline risk assessment and other studies provided the
basis for past cleanup actions, for taking additional actions at the Site and for identifying the
chemicals, their sources, and exposure pathways that must be addressed by the remedial action.
This section summarizes the results of the risk assessments and other risk-related studies that
were conducted.

71  HUMAN HEALTH RISK ASSESSMENT

The 1989 Comprehensive Endangerment Assessment (EA) identified chemicals of concern and
exposure pathways, and assessed health risks for local residential areas based on data collected
from 1983 to 1987. However, in 1991, after the EA was completed, EPA finalized its
standardized default exposure guidance for Superfund risk assessments. The parameters
specified in that guidance differ from many of the assumptions that were used in the EA. In
addition, toxicity criteria for evaluating noncarcinogenic and carcinogenic effects have been
updated on the basis of new scientific information regarding some of the chemicals evaluated in
the EA. Furthermore, changes in the levels of exposure occurred, resulting from actions such as
pollution control devices being installed at the plant, street sweeping and flushing, and soil
response actions. Background levels of lead in the environment and food have also decreased
since 1990.

As aresult of these Site condition changes and guideline revisions, an updated and revised
human health risk assessment was conducted in 1995 (Human Health Risk Assessment for
Residential Soils, East Helena, July 1995). More recently, EPA has supplemented the 1995
assessment, including reevaluations of risks posed by arsenic (1999 — 2001, 2007), updated
IEUBK model runs (2005), and updated calculations of lead and arsenic preliminary remediation
goals (PRGs) for commercial workers and recreational visitors (2007). PRGs determined as part
of the risk assessment efforts are risk-based concentrations of elements of concern. Therefore,
the term risk-based concentration (RBC) is generally applied in this ROD, as opposed to the term
preliminary remediation goal (PRG).
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The comprehensive human health risk assessment (HHRA) performed in 1995 characterized
risks to area residents from smelter-related contaminants in the air, on streets and alleys, inside
homes, in residential soils and from other sources. This risk assessment included an evaluation
of the reasonable maximum exposure scenario for East Helena residents, with the assumption
that all scheduled residential soil cleanup work would be completed as prescribed by the 1991
administrative order on consent.

7.1.1 Contaminants of Concern

A screening-level evaluation was conducted to identify contaminants of potential concern.
Contaminants of Potential Concern (COPCs) are chemicals in the environment at concentration
levels that might be of concern for humans, and which might be derived from site-related
sources. The human health risk assessment (HHR A) identified COPCs to human health based on
guidance and experience gained from other, similar mining sites. Site-specific data were
extensively utilized. The COPCs considered for East Helena soils were antimony, arsenic,
cadmium, chromium, copper, lead, manganese, mercury, selenium, silver, thallium, and zinc.

Contaminants of concern (COCs) are those COPCs that were determined through the risk
assessment process to pose a current or future risk to human populations that may be above
acceptable limits. EPA’s risk assessment showed that lead and arsenic were a concern for
residents, but other metals were not. Lead is the primary COC and contributed most to human
health risks. Arsenic, although also a COC, poses a relatively low risk. Cadmium and the other
Site chemicals are not a concern in residential soil. Furthermore, it was demonstrated that once
areas are cleaned up to remove lead and arsenic, low-level risks of exposure to the other, co-
existing contaminants are further minimized.

7.1.2 General Exposure Assessment

The exposure assessment identified scenarios through which people could come into contact with
COCs in Site media and estimated the extent of that potential exposure. The Conceptual Site
Model (Figure 5-1) illustrates media, exposure pathways, and human populations that were
evaluated in the HHRA.

One of the primary pathways by which humans were exposed to lead and arsenic was by
ingesting or inhaling fine particulate dust transported through the air from the smelter. The
Asarco smelter, like other smelters of its period, processed and handled many materials
containing heavy metals. Source materials for the airborne fine particulate pathway included
stack, blast furnace, sinter plant, acid dust, and dross plant emissions, and ore storage areas,
residue waste, the crushing mill, and other processes.

The predominant wind directions in East Helena are towards the east, north, and northeast.
However, even with little or no wind, air movement and particulate deposition followed the
Prickly Pear Creek watershed. These air patterns deposited the highest concentrations of metals
in residential areas of East Helena and in the East Fields.
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The 1995 HHRA considered the potential for human exposure to Prickly Pear Creek water and
sediment. Prickly Pear Creek water has been and is currently used for irrigation. Prickly Pear
Creek occasionally is used in warmer seasons for recreation, particularly fishing and wading.
Incidental ingestion of creek water is most likely to occur during swimming, or for young
children, wading; however, older children are more likely to use the creek for recreation. Much
of the creek has limited access because of brush, and swimming and wading in the creek are
limited because of the cold, shallow waters and rocky, slippery bottom. Because of this, the
HHRA indicated that the incidental ingestion of arsenic and lead with Prickly Pear Creek water
and sediment is unlikely to be a significant pathway.

The 1995 HHRA concluded that that pathway need not be evaluated separately from residential
soil ingestion for arsenic or lead, because (1) concentrations of arsenic and lead in sediment are
lower or similar to that in residential soils, (2) the likelihood of sediment ingestion is small
compared to soil ingestion, (3) the EPA daily soil ingestion rate is assumed to be from all
sources, and (4) significant exposure to metals in this manner is unlikely. The 1995 HHRA also
indicated that incidental ingestion of arsenic and lead from Prickly Pear Creek water is unlikely
to be significant.

Groundwater is not part of OU2; therefore, the risk of human exposure to contaminated
groundwater was not assessed in this ROD. Groundwater is being addressed under RCRA
authority.

The 1995 HHRA also evaluated the risks to area residents posed by consumption of locally-
grown grain and locally-raised beef cattle. Health hazards from consumption of locally-grown
grain were found to be unlikely and do not pose a current risk. Consumption of grain might pose
a future concern if grains are grown near the plant and consumed in high amounts.

The 1995 HHRA found that cadmium would be a concern for those who consume locally-raised
beef because of cattle’s greater tendency to accumulate cadmium than other metals in organ
tissues. However, cadmium concentrations in cattle near the plant were similar to that in the
control herd. Furthermore, the HHRA did not find a complete exposure pathway because
residents do not exclusively consume locally-grown beef, in part because the surrounding area is
not large enough to support a continuous supply of beef. Because no significant risks were
connected to consumption of locally-grown grain or locally-raised beef, the evaluation of risk
focused on the ingestion or inhalation of soil or dust.

As discussed in Chapter 2, beginning as early as 1983, various controls at the plant have been
implemented to reduce airborne fine particulate emissions. Ore storage areas were identified
during the remedial investigation to be a source of approximately 35% of all lead particulates
measured in East Helena. In 1989, Asarco completed construction of a completely enclosed ore
and concentrates storage and handling building. Asarco also changed its smelter practice of
depositing hot, granulated slag onto the slag pile, to preparation of cooled cast slugs. These
practices dramatically reduced the available fine-sized materials subject to wind and water
erosion. In the 1990s, emission controls were updated for the plant’s acid dust handling and
conveying system, the dross plant ventilation system, blast furnace ventilation system, and the
sinter building ventilation system. In addition, the speiss pit stack and crushing mill were
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eliminated and access was further restricted to Asarco property. As a result, Asarco achieved the
National Ambient Air Quality Standard for lead of 1.5 ug/m’ in 1998 — 1999. Therefore, sources
of lead particulates at the Site have been significantly reduced during the past 15 to 20 years and
when Asarco shut the plant down in 2001 emissions were essentially eliminated. The airborne
fine particulate exposure pathway involving dust ingestion and inhalation is discussed further in
parts of this section below.

The 1995 risk assessment considered residents and particularly young children as the exposed
population, and examined:

» incidental ingestion of indoor and outdoor dust;
e incidental ingestion of outdoor soil;

» inhalation of soil particles in air; and

e ingestion of vegetables grown in local gardens.

Direct ingestion of contaminated soil can result from eating soil or otherwise mouthing
contaminated objects. Children are most likely to be exposed to lead contaminated soils by
direct ingestion.

Dust containing various levels of contaminants can be eaten or inhaled. Vegetables grown in
contaminated soils within East Helena, when eaten, become another exposure route. Vegetables
can actively take up contaminants from the soil and incorporate them into their fleshy parts.
Heavy metals, including lead, adhere to roots, and wind-blown or rain-splashed particles are
readily deposited onto plant surfaces. These are the primary mechanisms by which edible
vegetables can become contaminated.

7.1.3 - Risks Associated with Exposure to Arsenic
7.1.3.1 Exposure Assessment

Exposures to arsenic, at concentrations known to have been present in soils and dust prior to
1995, can increase the risks of and cancer and non-cancer illnesses. An estimated "reasonable
maximum exposure” (RME) to arsenic as a daily dose of the chemical per body weight (i.e.,
daily chemical intake) was calculated using standard U.S. EPA exposure assumptions. The
residential scenario was also evaluated for more average ("typical") exposure conditions, as
specified by risk assessment guidelines. The 1995 HHRA identifies the specific intake values
used in the risk assessment.

7.1.3.2  Toxicity Assessment

The toxic effects of a chemical generally depend on its inherent toxicity, the pathway of
exposure (ingestion, inhalation, contact with skin), exposure frequency and duration, and the
level of exposure (intake). Chemical toxicological information derived from either
epidemiological or animal studies is used to estimate toxicity criteria, which are numerical
expressions of the relationship between dose (exposure) and response (adverse health effects).
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Arsenic was assessed for its potential to cause skin cancer by the oral route and lung cancer by
inhalation.

The toxicity assessment reviewed and summarized the potential for each COC to cause adverse
effects in exposed individuals, and evaluated the relationship between the dose of a chemical and
the occurrence of adverse effects. There is generally a positive relationship between dose
(chemical intake through an exposure pathway) and adverse effect. In other words, as the dose
increases, the type and severity of adverse response also increases.

Toxicity criteria for arsenic considered both noncarcinogenic and carcinogenic effects.
Carcinogenic toxicity criteria for arsenic are provided as cancer slope factors that are an estimate
of risk per unit dose of chemical. Cancer slope factors are based on the assumption that no safe
threshold of exposure to arsenic exists for carcinogenic effects and that any amount is associated
with some finite carcinogenic risk. The chemical-specific cancer slope factor is multiplied by
the estimated daily chemical intake to provide an upper-bound estimate of the increased
likelihood of cancer resulting from exposure to the chemical. This risk calculated is in addition
to any “background” risk of developing cancer over a lifetime due to other causes.
Consequently, risk estimates in this assessment are referred to as incremental, or excess, lifetime
cancer risks.

Noncarcinogenic toxicity criteria for arsenic are provided as reference doses (RfDs) and
represent a daily intake of the chemical without resulting adverse effects, even if the exposure
occurred continuously over a lifetime. Chemical intakes that are less than the RfD are not likely
to be of concern even to sensitive individuals. Chemical intakes that are greater than the RfD
indicate a possibility for adverse effects.

Accurate assessment of human exposure to ingested metals requires knowledge of the amount of
metal absorbed from the gastrointestinal tract into the body. This information is especially
important for environmental media such as soil or residues at mine sites because metals in these
media may exist, at least in part, in a variety of minerals that do not readily solubilize in water or
may exist inside particles of inert matrix, such as rock or slag. These chemical and physical
properties may tend to influence (usually decrease) the absorption (bioavailability) of the metals
when ingested. Accordingly, adjustments were made to the toxicity criteria to account for the
relative bioavailability (RBA).

7.1.3.3  Risk Characterization
Risks of non-cancer effects are described in terms of a Hazard Quotient (HQ), which is the ratio
of the dose of contaminant predicted to occur at the site divided by the RfD that is believed to be
safe.

HQ = predicted dose from site divided by reference dose
If exposure occurs by more than one pathway, HQ values are summed to yield the Hazard Index

(HI). If the HQ or HI value is 1 or less, it is concluded that the site-related exposure is not a
concern. If the HQ or HI value exceeds 1, then there is a risk that non-cancer effects might
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occur, with the likelihood or severity of effects tending to increase as HQ or HI increases. Some
non-cancer effects that may result from extended exposure to arsenic in soils include persistent
skin lesions or abnormal skin pigmentation.

The risk of getting cancer is described as the probability that an individual will develop cancer
from the site-related exposure before the end of his or her lifetime. Risks associated with
elevated levels of arsenic are termed “excess risk” because the exposed individuals also face
cancer risks from sources unrelated to ingestion of soil. Excess cancer risks are summed across
all COPCs and all exposure pathways that contribute to exposure of an individual in a given
population. The HHRA calculated cancer risk associated with exposure to Site COPCs by
multiplying the chemical-specific exposure estimates (i.e., lifetime dose) by the chemical and
route specific cancer slope factor. The result is a unitless measure (e.g., 1 in 10,000) of an
individual developing cancer as a result of chemical exposures at the Site. Because the excess
risks must be expressed in terms of probability, the value derived will always lie between zero
and one.

Excess risks to a population of exposed individuals are often relatively low numbers, and they
are customarily expressed in scientific format, as shown in Table 7-1. For example, a risk of 1
excess case of cancer per 10,000 individuals exposed is often expressed as 0.0001 or 1E-04. For
sites such as East Helena, EPA frequently uses a risk of 1 in 10,000 (1E-04) as the upper-end of
the acceptable risk range for cancer risks. Risks above one additional case in 10,000 deserve
careful consideration and may require remedial action. However, the level of cancer risk that is
ultimately deemed to be acceptable for a particular site is a decision for risk managers, based
upon several site-specific factors, including a thorough knowledge of the community and good
judgment.

Table 7-1. 1995 Estimates of Excess Non-cancer and Cancer Risks
Based on Reasonable Maximum Exposure to Arsenic

Exposure pathway Non-cancer HI Cancer Risk
Ingestion of soil and dust 0.2-0.5 3E-05 — 9E-05
Ingestion of garden vegetables 0.01 - 0.02 2E-06- 4E-06
Inhalation of soil in air -2 7E-05 - 1E-04
Total 0.2-0.5 1E-04 — 2E-04°

“Not evaluated quantitatively
®The highlighted value exceeds EPA’s acceptable risk range.

The 1995 HHRA estimates of non-cancer and cancer risks are shown in Table 7-1. Based upon
the levels of arsenic that were present in 1995 in residential soils and dust, estimates of both non-
cancer and cancer risks were found to vary slightly (about 2- to 3-fold) among the different
neighborhoods of East Helena (East Helena proper, Manlove Addition, Eastgate, La Casa
Grande, Grandview area). Non-cancer risks from arsenic did not reach a level of concern in any
neighborhood (HI did not exceed 1.0). However, the total of all excess cancer risks, based on a
reasonable maximum exposure scenario, did exceed EPA’s upper limit of acceptable risk (1
excess risk of cancer in 10,000 individuals exposed, or 1E-04) in the La Casa Grande and
Grandview neighborhoods.
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This total excess risk was attributed primarily to incidental ingestion of soil and dust, and also to
inhalation of soil particles in the air. Risks from eating garden vegetables were much lower and
were not considered a cause for concern because the consumption of garden vegetables would
not measurably add to the risks posed by ingestion or inhalation of soil particles.

Risks posed by “typical” exposure assumptions are six times less than the risk posed by the
reasonable maximum exposure shown in Table 7-1. Exposure point concentrations and toxicity
data used in the determination of these risk values are provided in the 1995 HHRA, but they have
been superseded by values used in the reevaluation of risk posed by arsenic.

EPA reevaluated risks posed by arsenic at this Site (1999 through 2001), in part, because more
yards in the La Casa Grande and Grandview neighborhoods were cleaned up by 1999.
Numerous irrigation channels that extend into the Grandview area, many of which were known
to have transported concentrates from the plant site during floods, had recently been cleaned up.
Also by 1999, significant reductions of fine particulate emissions from the smelter were believed
to have reduced the importance of the fine particulate pathway involving dust ingestion and
inhalation routes (see Sections 2, 5, and parts of this section).

The exposure point concentrations (EPCs) for this reevaluation of risk (after cleanup) ranged
from 41.1 to 92.8 mg/kg for different neighborhoods. In this case, the EPCs are the 95% UCL of
the arsenic concentrations in each neighborhood. The cancer and non-cancer toxicity criteria for
arsenic for ingestion exposure toxicity values are presented in Table 7-2.

Table 7-2. Arsenic Cancer and Non-Cancer Toxicity Data Summary

Oral Exposure Route

cocC oRfD Cancer oSF
(mg/kg/day) | Source | WOE | (mg/kg/day)- | Source
1
| —————————————
Arsenic 0.0003 1 A 1.5 I

Sources: I = IRIS; A = HEAST Alternate

CoC Contaminant of Concern oRfD  Oral Reference Dose (non-cancer)
HEAST Health Effects Assessment Summary Tables oSF Oral Slope Factor (cancer)
IRIS Integrated Risk Information System ' WOE  Weight of Evidence

The reevaluation of risks again showed that non-cancer risks from arsenic did not reach a level of
concern in any neighborhood (HI did not exceed 1.0). The reevaluation of risks also showed that
the excess cancer risk from the ingestion of soil and dust, based on a reasonable maximum
exposure scenario, did slightly exceed EPA’s upper limit of acceptable risk (1 excess risk of
cancer in 10,000 individuals exposed) in the Grandview neighborhood (1.7 in 10,000).

7.1.34  Uncertainty

The reevaluation of risk posed by arsenic found that the uncertainty assessment in the 1995
HHRA was acceptable. The 1995 HHRA concluded that because the exact degree of uncertainty
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is impossible to quantify, reasonable maximum exposure (RME) is intended to overestimate
rather than underestimate risk because the probability that a “RME” combination of assumptions
would occur is likely to be remote. "Typical” risks are calculated as a comparison to the RME
risk to provide conservative estimates that are closer to what individuals within a possible
exposed population might experience. The results of the risk assessment therefore are unlikely
to underestimate the actual risks to public health despite the inherent uncertainties in the process.

The dermal pathway was not included in the calculation of risk because dermal absorption of
metals from soil is generally considered minor. For example, if an individual is dermally
exposed to outdoor soil over about 30% of their body for 100 days per year (this is considered to
be quite unlikely for a resident), the absorbed dose is less than 10% of the oral absorbed dose.
Studies have shown that while 2 to 6% of soluble arsenic acid is absorbed through the skin,
Colorado and New York soils containing arsenic (both wet and dry) exhibited negligible dermal
absorption of arsenic. This is a source of uncertainty, but the magnitude of the underestimation
is likely to be small.

The relative bioavailability (RBA) value (50%) that was used to derive the RBC is based on
measured values in soil at a number of other mining and smelting sites, where most values
ranged from 10% to 30%. Based on bioavailability studies in cynamologus monkeys and in
immature swine (EPA study), the evidence strongly supports reduced bioavailability of arsenic
from soil. In the cynamologus monkey study, arsenic bioavailability was measured for 14 soil
samples from 12 different sites, including mining and smelting sites, pesticide facilities, cattle
dip vat soil, and chemical plant soil. The relative bioavailabilties ranged from 5% to 31%. In a
USEPA study, 26 test materials from mining and smelting sites were investigated with relative
bioavailabilities ranging from 10% to 60%. Thus, a RBA of 50% is considered conservative and
protective of human health.

7.1.3.5 Risk-based Concentrations

In the reevaluation, EPA calculated a human health RBC for arsenic in soil for residents. The
RBC, 176 ppm arsenic in soil for residents, was based on a maximum acceptable cancer risk of
1.499E-04 and standard USEPA assumptions about residential exposure to soil (i.e., exposure for
350 days a year for 30 years, with intake rates of 200 mg/day for children and 100 mg/day for
adults). It was also based on the assumptions that (a) the relative bioavailability of arsenic in soil
was not likely to be more than 50% of the bioavailability of arsenic in water (RBA = 0.5), and
(b) the concentration of arsenic in dust was unlikely to be more than 50% of the concentration of
arsenic in soil (C (dust)/C (soil) =0.5). An RBA of 50%, based on measurements of arsenic
RBA at mining sites, is considered conservative because nearly all measured values are lower.

Likewise, based on data from numerous other mining and smelting sites, the concentration of
arsenic in indoor dust was assumed to be 50% of that in outdoor soil. This value too is
considered conservative, because the observed ratios are nearly always lower. Based on these
inputs, the RBC for arsenic in residential soil is 176 ppm. (It should be noted here that although
the reevaluation resulted in an RBC of 176 ppm, EPA has selected in this ROD a lower cleanup
action level for arsenic in residential soil (100 ppm), which is the concentration of arsenic that is
readily and cost-effectively attained in combination with the selected cleanup action level for
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lead in residential soil (1,000/500 ppm) and is within the range of EPA’s generally accepted risk
range of 1 x10™ to 1x10°.)

In 2007, RBC:s for arsenic in soil were also calculated for commercial workers and recreational
visitors. The RBC for arsenic was calculated as the concentration that yields a specified excess
cancer risk level. For the purposes of this calculation, the target excess cancer risk was set at
1.499E-04 in order to be consistent with the approach taken previously for residential exposure
to soil. These values are intended to represent a Reasonable Maximum Exposure (RME)
scenario for each land use. The resulting RBCs are summarized in Table 7-3.

Table 7-3. Risk-based Concentrations (RBCs)

for Arsenic
Land Use RBCs for Arsenic (ppm)
Resident 176
Commercial 572
Recreational 794

* These RBCs differ from those presented in the Proposed Plan.
The target excess cancer risk was revised to be consistent with
the approach used for residential exposure to soil (EPA 2007).

7.1.3.6  Conclusions Regarding Arsenic Risks

The most recent data and updated risk calculations support the conclusion that arsenic
contamination remaining in the soils is not likely to be a source of concern in the East Helena
community. Rare exceptions may be found in the future where elevated levels of soil arsenic
approach or exceed the RBC value of 176 ppm or the cleanup action level of 100 ppm, yet may
co-exist with soil lead levels which are below the EPA-recommended clean-up action levels for
lead.

The Risk Assessment Guidance for Superfund defines an exposure unit as a geographical area
over which the receptor is exposed to the contaminated media during the exposure duration of
concern (EPA, RAGS, Vol. III, Part A 2001). EPA Region 8 typically assumes a residential
exposure unit for arsenic based on a neighborhood scale. However, in the case of East Helena,
risk assessment managers chose to adjust the soil arsenic action level downward, to 100 ppm,
and to further apply that adjusted action level to each residential yard. The adjusted soil arsenic
cleanup action level (100 ppm) is within EPA’s risk range of 10™ to 10°® (risk of one excess
cancer for every 10,000 to 1,000,000 people) and still within the range of residential cleanup
levels for arsenic in soil in Region 8 (70 — 250 ppm).

7.1.4 Risks Associated with Exposure to Lead

The 1995 comprehensive human health risk assessment indicated that lead was a concern for
East Helena children. Long before 1995, however, there was strong evidence that lead in the air,
street dust, household dust, and yard soils were major contributors to the high numbers and
percentages of local children who then had elevated blood-lead levels.
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7.14.1 Toxicity Assessment

The health effect of most concern that might result from lead exposure is impairment of the
nervous system, especially in young and unborn children. The relationship between adverse
effects of lead and the level of human exposure has been studied using blood lead as the measure
of lead intake and absorption. Blood lead is usually reported in terms of micrograms of lead per
deciliter of blood (ug/dl). The CDC and the USEPA reviews of the data on the effects of lead
have shown that a blood lead level above 10 ug/dl can cause health effects that warrant
avoidance. Several years ago, EPA set a national goal that a child should have no more than a
5% chance of having a blood level greater than 10 ug/dl. The probability of exceeding 10 ug/dl
is referred to as “P10.” In other words, the national health-based goal that EPA has established
is that P10 = 5%.

7.1.4.2 Risk Characterization

At East Helena, children’s blood lead levels have been measured for more than 20 years, and are
continuing to be measured. Parents and educators strongly support blood lead monitoring for
children in this community. These blood lead level data have been determined to be reliable and
appropriate for use by risk managers, as described in the ensuing sections. Since 2001, 95% of
children tested have exhibited blood lead levels of 4 ug/dl or below, whereas in 1983, 45% of
East Helena's children exhibited blood lead levels greater than 10 ug/dl and 17% exhibited levels
greater than 15 ug/dl.

Achieving blood lead levels of 4 ug/dl or below in the majority of children has been a goal for
the East Helena area for several years. This goal is more stringent than the national goal that a
child should have no more than a 5% chance of having a blood level greater than10 ug/dl. East
Helena children, as a whole, have surpassed the national goal and have lower blood lead levels
than those determined to be protective of human health.

Additional site-specific data, including concentrations of lead in air and in soil, have also been
collected at the site over the last 20 years, and some of these data are co-located with the blood
lead data. For example, soil samples for lead have been collected from the same residences
where children have had blood lead levels tested in the same year. The East Helena site-specific
data are a primary basis for the soil lead cleanup levels identified in Section 8 of this ROD, and
were selected in lieu of results from EPA’s lead model as a basis for selection of cleanup levels.

"In 1995, EPA initially used the Integrated Exposure Uptake Biokinetic (IEUBK) Model for
Lead in Children to evaluate the potential health risks to young children. EPA revised its
original risk assessment in 2005 by incorporating site-specific or locally-derived data. For East
Helena, locally-derived data were used for the soil to dust ratio (the fraction of yard soil
determined to be present in household dust ) and the bioavailability of lead (the fraction of
ingested soil lead that is absorbed). Using these two locally-derived values, and national default
values for all other input parameters, the [IEUBK model predicts that a concentration of lead in
soil of 520 ppm will result in no more than a 5% chance that a child would have a blood lead
level greater than 10 m g/dL, which is EPA's health protection goal for lead."
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O 7.1.5 Blood Lead Testing and Observations
7.1.5.1 Blood Lead Data

Numerous tests of East Helena children’s blood lead have been conducted since the 1970s. In
the past, average blood lead values for young children were high and values above 10 ug/dl were
common. Over time, however, average levels and the frequency of values above 10 ug/dl have
declined significantly. Table 7-4 summarizes blood lead data for children, ages O - 84 months,
that have been gathered from 1975 through 2008 (see also Figure 7-1).

Blood lead data gathered through 1992, summarized in Table 7-4, showed a clear relationship
between distance from the smelter and both the mean blood lead values and the frequency of
values above 10 ug/dl. That is, mean blood lead values and frequency of values above 10 ug/dl
decreased with increased distance from the smelter. The majority of children who lived within
one mile of the smelter, prior to 1992, faced a high probability that their blood lead levels would
be greater than 10 ug/dl. The 1995 risk assessment noted that high blood lead levels may have
been influenced by levels of lead in air and in paint, in addition to the levels of lead in soil. Prior
to the 1990s, street and alley dust, yard soils, and household dust — all arising from continuous
smelter emissions and reentrainment of dust within the community -- were among the primary
contributors to children’s elevated blood lead levels.

As shown in Table 7-4 and Figure 7-1, East Helena children’s blood lead levels have steadily
declined. The substantial decline in blood lead levels from 1975 through the early 1990s

O occurred before any effect might have been realized from the non-time critical soil removal
action and before the East Helena Lead Education and Abatement Program was started in 1995.
The decline during this period is clearly associated with the numerous efforts to control fine
particulates from smelter operations and from national programs to reduce lead in the
environment.

O
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Table 7-4. Blood Lead Levels of East Helena Children
0 to 84 Months of Age (1975-2008)

No. of No. with blood Average blood
Year children lead levels of lead level
tested 10 pg/dl or greater (ng/di)
1975 (90) (All 90) 28
1983 170° 77 11.5
1991-92 239 16 4.7
1993-94 34 2 5.5
1995-96 159 2 4.6
1997-98 187 7 4.1
1999-00 194 5 4.1
2001-02 129 0 2.6
2003-04 266 0 2.0
2005 9 0] 1.7
2006 109 0 1.3
2007 7 0 1.6
2008 184 2 1.8
® Ninety-eight children residing within 1 mile of the smelter.
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Figure 7-1. Blood Lead Values for Children (0 to < 84 Months) in East Helena from 1975 to 2008
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In 1983, 45% of East Helena's children exhibited blood lead levels greater than 10 ug/dl and 17%
exhibited levels greater than 15 ug/dl. For the 98 children who resided within one mile of the
smelter and were tested, 67% exhibited blood lead levels greater than 10 ug/dl and 33% were
greater than 15 ug/dl. Although the national “level of concern” for lead in children’s blood was
25 ug/dl in 1983, many health professionals at the time advocated a lower level of concern.

Since its inception in 1995, the East Helena Lead Education and Abatement Program,
administered by the County Health Department, has encouraged and conducted biennial blood
lead testing for children residing in or near to East Helena. The data from this long-standing
survey, which is supported by the community and has produced spatially and temporally
representative results, show that blood lead values have decreased substantially over time, and
that the incidence of blood lead level above 10 ug/dl is now very close to zero. Since the
program's inception in 1995, 1,244 individual blood lead tests have been conducted for children
in East Helena under the age of 7 years. Approximately 1% of the children tested during this
period exhibited blood lead values greater than 10 ug/dl. Since 1999, there has been a significant
decrease in the numbers of children above the detection limit of 1 ug/dl lead in blood. Since
2001, 95% of children tested were at 4 ug/dl or below (achieving blood lead levels of 4 ug/dl or
below in the majority of children has been a goal for the East Helena area for several years, see
Section 8). Since 2001, only two children, of 704 children tested, had a blood lead value above
10 ug/dl. Both of these children had blood lead levels of 12 ug/dl. The blood lead level of one
of these children was attributable to lead-based paint through an environmental assessment. The
cause of the blood lead level of the other child could not be determined because the parent did
not allow an environmental assessment.

The reduction in blood lead levels is thought to be due to the combined effect of multiple actions,
including the reduction and elimination of the fine particulate pathway, the residential soil
removal action, and national programs to reduce lead in air, water and food. For example, as
discussed in Section 2.3.1, in the latter 1980s and through the 1990s Asarco implemented
numerous actions to control fine particulates. In 1998 — 1999, the smelter achieved the National
Ambient Air Quality Standard for lead of 1.5 ug/m3. These changes reduced the emission of
fine particulates from the smelter as reflected in air quality data collected at the surrounding
stations (see Figure 7-2). The Agency for Toxic Substances and Disease Registry (ATSDR) in
its May 2008 Health Consultation for the Site pointed out that these changes to Asarco’s
operation report resulted in a 61% reduction in lead emissions. ATSDR also notes that Asarco’s
lead emissions were reduced further in 1999 by an additional 21% as compared to pre-1990
levels.
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Figure 7-2. Firehall Air Monitoring Station
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Table 7-5 shows the number and percentage of children tested with blood lead values above 4
ug/dl as a function of year. The table shows a decrease from 2000 to 2002 in the percentage of
children with blood lead levels greater than 4 ug/dl. Prior to 2000, greater percentages of
children had blood lead levels greater than 4 ug/dl. The most plausible explanation for this
observation is the shutdown of the Asarco operations and smelter in 2001.

TABLE 7-5. Fraction of Children Above 4 UG/DL by Year
Year No. of Children PbB > 4 ug/di
1991 224 37%
1992 15 87%
1993 10 80%
1994 24 46%
1995 75 51%
1996 84 33%
1997 71 37%
1998 116 25%
1999 51 65%
2000 143 27%
2001 93 14%
2002 36 0%
2003 159 3%
2004 107 7%
2005 9 0%
2006 109 2%
2007 7 0%
2008 184 4%
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In addition, household dust was more prevalent when the smelter was operating. More recently,
the Lead Education and Abatement Program environmental assessments indicate that dust is no
longer a significant exposure pathway. These assessments included inspection for lead-based
paint with a field portable x-ray fluorescence (XRF) instrument and screening evaluations for
dust that included the collection of wipe samples according to the Health and Urban Department
(HUD) protocol, but biased with respect to location. Results from dust samples were compared
against the HUD criteria of 40 ug lead/ft* for samples collected from floors, 250 ug lead/ ft* from
window sills, and 400 ug lead/ ft* from window troughs. Of the approximately 150 assessments
and follow-up dust analyses, only 6 to 7 have shown elevated lead concentrations relative to the
HUD criteria that were not interpreted as associated with suspected lead-based paint.

These data support the conclusion that reduction and elimination of fine particulate emissions,
cleanup activities at the Site, and the effects of national programs to reduce lead in the
environment, have been successful in reducing lead exposures from all sources in East Helena to
acceptable levels.

7.1.5.2  Quality of the Blood Lead Data

In order to assess further the foregoing conclusion, it is important to examine the quality of the
blood lead data set. Based on a consideration of participation rate, statistical uncertainty, spatial
representativeness, and soil lead representativeness, as discussed below, it is concluded that the
blood lead data generated by the County program are acceptable for use by risk managers and
other health professionals in assessing site conditions.

Participation Rate

The percentage of East Helena children who participated in blood lead screenings ranges from 15
to 52 percent by neighborhood for the period from 1991 to 2006 (see Table 7-6). The total
number of individual participants from each neighborhood is contained in the blood lead
database maintained by Lewis and Clark County.

Table 7-6. Children Blood-Level Sampling Participation Rate

_ _ Total number of chil-dl"en age Participation
Neighborhood 0-6 who have participated Rate
between 1991-2006
Grandview 56 34%
East Gate 2 160 26%
Sunny Lane + East Gate 1 148 25%
La Casa Grande 70 52%
Canyon Ferry 60 28%
Manlove 9 15%
E. Helena + West E. Helena 240 41%
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When a blood survey is part of an on-going program, as is the case at East Helena, both the total
number of children who have participated and the size of the eligible population (the total
number of children who were age 0 to 6 at any time during the study) will increase each year.
Accordingly, the participation rate (PR) is a function of time. As shown in Table 7-8, the
participation rate varies among neighborhoods, but is generally about 25 to 50%. Assuming that
the blood lead program will continue to operate for some time into the future, and that the
number of new children recruited each year will remain similar to current values, these
participation rates will tend to increase over time.

There are two key factors to consider when deciding whether the participation rate can provide a
reliable data set for drawing conclusions about blood lead levels in area children: statistical

uncertainty and representativeness.

Statistical Uncertainty

Statistical uncertainty is a key factor in deciding whether the participation rate is sufficient to
provide a reliable data set from which to conclusions can be drawn about blood lead levels in
area children. For East Helena, the number of children who have blood lead levels exceeding 10
ug/dl is of interest because EPA has established a health-based goal that there should be no more
than a 5% chance that a child will have a blood lead level above 10 ug/dl. The probability of
exceeding 10 ug/dl is referred to as “P10,” and in the context of EPA’s health-based goal, P10 =
5%. Determining uncertainty in the number of children in the community who have blood lead
levels exceeding 10 ug/dl is necessary because not every single child in East Helena and the
surrounding communities was tested. The result of the uncertainty analysis conducted by
EPA’s risk assessors indicates that the number of children participating in the blood lead
program is sufficient to evaluate compliance with heath-based objectives with acceptable
confidence.

The second key factor when deciding whether the participation rate is sufficient to provide a
reliable data set from which conclusions can be drawn about blood lead levels in area children is
representativeness of the individuals tested. If a study of a population is based on a sample that
includes some but not all of the members of the population, it is important to ensure that the
sample that is evaluated is representative of the entire population.

Spatial Representativeness

Key variables that influence blood lead values (e.g., lead levels in soil and other sources,
socioeconomic status, nutritional status, behaviors) are likely to differ from neighborhood to
neighborhood. If a variable does not differ between locations, then it is not an important
determinant of representativeness. Thus, an assessment of the spatial representativeness of blood
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